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Cost of 


The central-station agents claim that 
they can supply power cheaper than it 
can be produced by the isolated plant, 
for the following reasons: 

Because of the excellence of the ap- 
paratus installed in the central station. 

Because of the high load factor in 
the central station. 


Because the power load is all “velvet,” - 


since the interest, maintenance and de- 
preciation on the plant are taken care of 
by the lighting load. 

Because their standby losses are small 
compared to those of the isolated plant. 

Because the fixed charges on the in- 
stallation are far less than in the case 
of an isolated plant. 

Because their stations are so enormous, 

as compared to those of the isolated 
plant, they can produce power very much 
cheaper, as the larger the plant, the more 
economical is its production of power. 
_ Investigating to see if conditions war- 
rant these assumptions is interesting. No 
one will question that the isolated plant 
as a rule does not contain as expensive 
apparatus as that installed in the central 
station, mainly because the service to be 
rendered is not so exacting, and the econ- 
omy of coal is not of such great import- 
ance; hence gaining it by very high- 
priced apparatus is not attempted. 

In an isolated plant the load factor is 
far better than that of the central sta- 
tion, even if 24-hr. service is taken into 
account. In two plants, which will be dis- 
cussed later, the load factor is 17.2 per 
cent. An isolated plant with a load fac- 
tor as low as this is hardly conceivable. 

If conditions could be so arranged that 
the power load came at hours that did 
not lap over on the lighting load, the 
power load might be considered “velvet,” 
but unfortunately this is not true, as 
shown in the accompanying curves, which 
are fairly representative of a combined 
summer and winter load. The power load 
will be noticed to overlap the lighting 
load between 2 p.m. and 7 p.m., and to 
occur during the peak of the lighting 
load. -During this peak the central sta- 
tion must have capacity to supply not 
only the lighting load, but the maximum 
power load. The ‘power load thus re- 
quires a large additional capacity in the 
station. 

The claim on standby losses can be 
easily refuted. From the records of the 
gas and lighting commissioners on two 
stations, one of approximately 75,000 kw. 
capacity and the other approximately 
6000, the following facts regarding coal 
are obtained: The coal per kilowatt- 
hour at the switchboard of the large 
plant is 2.6 lb. and per kilowatt-hour sold 
is 3.72 lb. In the smaller plant the coal 
is 3.2 and 4.4 lb. respectively. These fig- 
ures show that a lerge part of the power 


_hard to believe. 
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Figures from two specific cases 
to show the initial cost per kilo- 
watt and the cost of producing 
a kilowatt-hour. 


The injustice of the present 
system of discrimination makes 
it possible to sell below cost. 


generated is not bringing in a revenue 
and could readily be charged as a stand- 
by loss. Neglecting this, however, the 
units installed in these plants are highly 
efficient, producing in the larger plant a 
kilowatt-hour at the switchboard for ap- 
proximately 18 lb. of steam or 1.8 lb. of 
coal per kilowatt-hour. Therefore, it is 
plain that the standby losses in coal rep- 
resent 


= 444 per cent. 

In the smaller plant the standby losses 
in coal alone are approximately 50 per 
cent. The reason is that the central sta- 
tion has to keep boilers under steam at 
all times for the total capacity which 
may be called for at the-peak load, and 
also to act if any of the boilers break 
down. The engines, or at least some of 
them, have to be kept warmed up ready 
to be put into service at a moment’s 
notice. No such conditions exist in the 
isolated plant. No more boilers or en- 
gines are kept under steam than the ser- 
vice requires, and the only standby losses 
are those during the noon hour and when 
the plant is shut down at night, and un- 
der banked fires only a very small part 
of the coal used during the day is needed. 

The claim that the installation cost is 
less than for an isolated plant and, there- 
fore, that the fixed charges are lower is 
In the larger plant the 
cost per kilowatt of steam and electrical 
apparatus in the station is $114. Includ- 
ing plant and lines, but not transformers, 
lamps, meters and other articles, the cost 
is $248 per kilowatt; including real 
estate the total cost in the large plant is 
$323 per kilowatt. In the smaller plant 
the costs in the same order are $61, $285 
and $308. Evidently the cost per kilo- 
watt against which interest, maintenance 
and depreciation have to be charged, is 
far greater in the central station than in 
an isolated plant. 

The claim that the larger the plant, the 
lower the cost of power, is true only so 
far as operating cost of the station itself 
is concerned, and the gain is not very 
large. When the larger plant had ap- 


proximately one-half its present capacity, 
the station operating expense was 0.828c. 
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per kw.-hr. generated; its present cost 
is 0.737c. Per kw.-hr. sold, the cost 
formerly was 1.157c., and is now 1.01c. 
The general expense which covers the 
distributing and office expense and taxes 
was 1.72c., and is now 1.716c. per kw.-hr. 
generated; and 2.39c. and 2.44c. per 
kw.-hr. sold, or, in other words, with a 
plant of double the capacity, the total op- 
erating expense per kilowatt-hour sold 
has only decreased from 3.55c. to 3.45c. 

In the smaller plant the conditions are 
practically the same, except that the gen- 
erating cost is 1.48c. and the general ex- 
pense 2.05c., showing a total cost of 3.53c. 
as against 3.45c. in the larger plant. 
Thus a plant over ten times the size of 
the smaller one is not much more eco- 
nomical, and at the time it was over six 
times as large, its costs were greater. In 
this particular case the larger plant has 
the great advantage of obtaining its coal 
by water at a low rate. 

The figures quoted are simply those for 
operating charges, including those of sta- 
tion, distribution, management and taxes. 
Allowing 6 per cent. for maintenance and 
depreciation on plant and line gives an 
additional cost of 1.27c. per kw.-hr. and 
6 per cent. for interest charges on plant, 
lines and real estate adds 1.8c., making 
the total costs 6.52c. per kw.-hr. The 
average receipts in this plant were 5.95c. 
per kw.-hr., showing that the maintenance 
and depreciation charges are even less 
than 6 per cent. Of course, the interest 
charges represent the dividends paid to 
stockholders, but the other charges must - 
be taken into account to keep the plant 
in proper condition to operate. 

Interesting to notice is the relation be- 
tween operating expenses at the station 
and the other charges against central- 
station power, as the isolated-plant ex- 
pense in these items is so small. With 
the operating charges as a basis, the gen- 
eral expenses are: 


Per Cent. 


Maintenance and depreciation 
Interest on investment ........ 


125.7 
178.6 

How, then, is it possible to give rates 
as low as 1 to 1.5c. per kw.-hr. ? 

If power is sold to some of the con- 
sumers at a price which will a little more 
than cover the operating charges in the 
station, the others must pay the interest, 
maintenance, depreciation, taxes and gen- 
eral expense of the plant, and that is 
what actually happens. 

Referring to Fig. 1, the lighting load 
reaches the maximum point 16, which 
the power load brings up to 26.5. The 
power load, therefore, should be required 
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to pay the fixed charges on the increased 
capacity of 10.5. As a matter of fact 
with the prices as arranged, the lighting 
load pays the fixed charges upon the 
total capacity installed. 

A further study of this curve shows 
that during 24 hr. a continuous capacity 
is required in the station of approxi- 
mately 2.3 which is composed of a small 
part of the power load and the lighting 
load. This represents the very best con- 
dition of load that a power plant could 
ask for, and would require in the station 
only the capacity necessary for its gen- 
eration which would be in continuous op- 
eration. Against this load the minimum 
charge ought to be made, for it requires 
the minimum of apparatus and the mini- 
mum cost for operation. The charges 
against it are made up partly by small 
users whose bills do not average over 
$5 a month, but who pay from 12c. to 15c. 
per kw.-hr., depending on the location of 
the plant. These people are small users, 
but continuous in their use of light, and 
as such should pay the minimum rather 
than the maximum rate. During this 
period a small power load is supplied by 
the same apparatus, yet these power 
users are given very close to the minimum 
figures. 

That part of the load between lines 
AA and BB is also desirable, as it con- 
tinues over a long period and is reason- 
ably steady. The power load is large, 
and being practically continuous during 
the period of operation, its cost could 
fairly be assumed to be small except for 
the fact that it runs into the peak load 
at night, so that the fixed charges of the 
extra apparatus required should be 
charged against it. Since the lighting 
load here exists only in a small part, it 
is reasonable to suppose that it would 
pay only a small part of the cost, as this 
load is continuous, or practically so, and 
would require a minimum amount of ap- 
paratus. Here again, however, since the 
use of it is small and by a very large 
number of users, the maximum rate is 
applied. 

The load which is undesirable and 
costly is represented by the peaks above 
the line BB. These peaks require the 
boilers being kept under steam and en- 
gines ready for operation to produce it; 
and as they last but a short time, the 
cost both for the apparatus and opera- 
tion is excessive. The charges against 
this apparatus should be proportioned 
against those users who make it neces- 
Sary—the power users during this pe- 
riod, and the light users. The latter are 
those who utilize light for only a short 
time during the day, such as the big de- 
partment stores, small shops and offices, 
which cut out their light at or about 6 
o’clock. This peak load gradually re- 
duces as these loads come on. The peak, 
however, is somewhat held up by the 
gradual increase of light in the residential 
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section, as the people from the offices 
and stores reach their homes. This light- 
ing load at the residences is comparative- 
ly small compared to that of the peak, 
and lasts fairly well into the night, and 
after this comes a considerable lighting 
load from the all-night users, such as 
stores and residences. The peak then 
is mainly from the large users of the 
stores, the last hour or two of the power, 
and the comparatively small users of the 
offices and the small shops. As this peak 
is of short duration and requires exces- 
sive apparatus both in the station and 
line, those causing it should pay a high 
price; but do they ? 

The small offices and small stores 
whose maximum demand is less than a 
certain minimum, pay the full price of 
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load during this period is a large part 
of the peak, it seems unreasonable that 
those occasioning it should pay exceed- 
ingly low rates when the other users 
covering long periods should pay the 
maximum price. 

Another point illustrating how the 
pawer load can be sold at low price is the 
fixed rate per month for the meter or what 
might be termed the readiness-to-serve 
charge, that is, a minimum charge of $1 
a month whether power is used or not. 
Doubtless in a large city about 30,000 
so use electricity, and during five months 
of the year pay $1 a month for meter 
rent, during which time practically no 
power is used, or they pay a total of 
$150,000 during this time, just for the 
privilege of having light if they happen 
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12 to 15c. per kw.-hr. The large users, 
such as those requiring power, and the 
large department stores, pay a very much 
reduced price in accordance with the 
total amount of power used, not to any 
great extent dependent upon the hours 
during which this power is used. Since 
the same apparatus is used for supplying 
this power to all users, that the small ones 
should pay a much larger price than the 
large ones seems unjust, and still more 
unjust to the residence users who use 
power for several hours, while the large 
department stores pay a low price in 
spite of the fact that they burn but three 
or four hours. Also, since the power 


to want it, and during the rest of the year 
they may pay anywhere from $5 to S18 
a month at a price of 12c. per kw.-ir. 
Thus this number of users might readily 


pay the entire maintenance and deprecia-_ 


tion and part of the general expense of 
the plant. 

While riding on a car, the author heard 
a conversation between two gentlemen—- 
one complaining regarding the cost of 
light at his house, the other evidert!» an 
officer in one of the large power-preduc- 
ing companies. The latter told the com- 
Plainant that his company did not care 
for the small consumers, as they cost far 
more to take care of than they returned, 


| 
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and that the profit of the company was 
made not from the residential districts 
or small consumers, but from the sales to 
the big department stores and users of 
large amounts of power. An examination 
of the conditions would refute this. Fig. 
2 shows the conditions which would ex- 
ist with various parts of the total power 
sold being supplied to those who pay 
12c. per kilowatt-hour. The average rate 
received by this large company during 
the year for all its power sold was 5.95c. 
Assuming that 10 per cent. of the users 
pay 12c., the remainder would have to 
pay an average of 5.3c. If 40 per cent. 
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of the power sold was supplied to cus- 
tomers paying 12c., the remaining 60 per 
cent. would have to pay an average un- 
der 2c., showing conclusively that the 
small consumers or those paying 12c. 
per kilowatt-hour were a very desirable 
load. 

A public-service corporation is sup- 
posed to be operated for the benefit of 


the general public. The lighting com- — 


panies, however, seem to operate for the 
benefit of a few, as the following fig- 
ures, worked out from published rates, 
would indicate. A small user, “A,” hav- 
ing a maximum use of 200 watts 24 hr. 
a day, 30 days in the month, would pay 
$17.28 for his power, although his load 
was continuous, and he wou!d have to 
pay the full price of 12c. per kilowatt- 
hour. 

Another user “B,” having a kilowatt 


capacity of 5, which he opérates for 10 


hr. a day, 30 days in the month, would 
have a fixed charge remaining constant 
whether he uses power or not. He then 
pays an additional price for his power, 
making his total power cost, if he uses 
1500 kw.-hr. per month, approximately 
$100, or per kilowatt-hour the price is 
6.66c. 

Still another consumer “C” has a kilo- 
watt demand of 200, 30 days in the 
month, 4 hr. during the day. He, too, 
has a fixed charge, and pays varying 
rates for his power in accordance with 
the power used. On the basis of 24,000 
kw.-hr., his total bill will be approxi- 
mately $1165, or per kilowatt-hour, 4.85c. 

Another consumer “D” has a demand 
of 800 kw., 30 days in the month, 4 hr. 
a day, or a total consumption of 96,000 
kw.-hr. His bill would be approximately 
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$36,000, or 3.75c. per kilowatt-hour. If 
this same customer uses an additional 
100 kw. for 20 hr. per day, he reduces 
his price per kilowatt-hour to 2.7\c. 
Still another “E” has a maximum kilo- 
watt demand of 1000 kw. for 2 hr., 25 
days in the month, and 800 kw. 7 hr., 


25 days in the month. He pays a fixed 


charge and varying rates for his power, 
bringing his cost per kilowatt-hour on 
the basis of 190,000 to 2.3c. If a user, 
call him “F,” has 800 kw. for 22 hr. 
during 25 days, and 1000 kw. for 2 hr. 
during the 25 days, his cost for power on 
the basis of 490,000 kw.-hr. is 1.35c. Or 
he pays very slightly in excess of the 
station expense for his power, although 
he has to have 1000 kw. in the station 
and in the line capacity. There is rea- 
son for this latter customer getting a 
comparatively low price, because he has 
a 24-hr. load. 

These charges against the consumers 
make an interesting study. The small 
user “A” has a 100 per cent. load fac- 
tor, and, as such, should get a low rate. 
User “B” has a load factor of 41.6 per 
cent., and yet his price is far higher than 
user “D,” who has a load factor of only 
27 per cent., even when he has the ad- 
ditional 100 kw. continuously in use. 
Large user “‘E” has a load factor of 31.6 
per cent., and yet he pays an even lower 
price; and “F,” who has a load factor 
of 18.7 per cent., pays.a still lower price. 

Evidently then the rates are not ad- 
justed either by a study of the load fac- 
tor or the time of burning. They are 
adjusted: 

First, to get the maximum price from 
the largest number of customers. 

Second, to make the price so that they 
can sell power to the large users, mean- 
ing by this term those who use large 
amounts of power regardless of the time 
during which they use it. 

Quite evidently it will cost an isolated 
plant far more to operate if the time of 
service is short, and, therefore, the rates 
of the central station are adapted to meet 
this condition. Evidently also, the longer 
the time the plant operates and the nearer 
its load to the capacity of the plant, the 
lower will be its cost for power, and thus 
the central station attempts to meet these 
conditions. 

The figures here given are worked out 
from published rates. There is good rea- 
son to believe that these rates are elastic, 
and that far lower figures will be quoted 
if the isolated plant can produce it lower 
than these figures. To get the business 
the central station meets the figures and 
goes them one better. In every case, 
however, if the plant owner but knew it, 
a string is attached, this string consist- 
ing often of the fixed charge, and often 
a very large charge for any adtitional 
power which may be used over and above 
that contracted for, and these strings fre- 
quently work greatly to the disadvantage 
of the isolated plant. 
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An Old Locomotive and an 
Interesting Letter 
By Pror. F. E. SANBORN 


In the South Kensington Museum, Lon- 
don, is the original locomotive known as 


_ “Puffing Billy.” It was invented and con- 


structed in 1813 by William Hedley at 
the Wylam Colliery. It was still at work 
there in 1862 and was received by the 
museum in 1865, after about 50 years of 
service. 

The engine has two vertical, steam- 
jacketed cylinders, 9 in. in diameter by 36 
in. stroke. The piston rod passes out 
the upper end of each cylinder and con- 
nects to a grasshopper beam. A long 
rod pivoted at about the middle of the 
beam transmits the motion downward to 
an overhung crank. The cranks, one on 
each side of the engine, are 90 deg. 
apart. The crankshaft transmits motion 
through spur gears to the two driving 
shafts, one forward of and the other be- 
hind the crankshaft. Each driving shaft 
has two driving wheels, 39 in. in diam- 
eter. 

The valve is a short D-slide valve, 
worked by tappets. 

The boiler is a wrought-iron cylinder 
with one end egg-shaped, and with an 
internal return flue, Trevithick type. The 
grate area is 6 sq.ft., the heating surface 
77 sq.ft. The fireman and the engineer 
stood at opposite ends of the boiler. 

When first run the noise and the smoke 
were considerable, so that legal opinion 
was consulted as to whether the engine 
was a “nuisance.” Later the trouble was 
partly overcome by passing the exhaust 
steam into a quieting chamber before it 
was discharged into the chimney. The 
subject of the smoke nuisance is thus 
not new, and the recognition of a noise 
nuisance is not altogether modern. 

The-legal opinion sought was expressed 
in the following letter: . 

“Mr. Blackett, 
_ Proprietor Coal Mine, 
Wylam, Northumberland. 

“It does not appear to me that there 
is any objection arising from the lease 
itself to Mr. Blackett’s conveying his coal 
waggons by means of this steam engine. 
But I think that the use of such an en- 
gine may be deemed a nuisance to A if 
the smoke and noise occasioned thereby 
render his habitation unhealthy or un- 
comfortable. But this must entirely de- 


‘pend upon the quantity of smoke and 


noise so occasioned and the distance of 
the house of A from the waggon way.” 

Then apparently an afterthought oc- 
casioned a postscript. 

“If the noise of this engine disturbs 
the cattle grazing in the lands adjacent 
to the waggon way so as to injure them 
with regard to their feeding, I think it 
may be considered as a nuisance.” 
(signed) “Rost. Hiccins WILLIAMSON, 

“N. Castle, 12th Aug. (?) 1814.” 
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Gantry Coal Handling Crane 


Peculiar conditions complicate the 
problem of handling coal at the Madison 
Ave. power house of the Toledo Ry. & 
Light Co., on the bank of the Maumee 
River. Any system of track hoppers and 
underground conveyors would have been 
extremely expensive, owing to the large 
amount of waterproofing required. As the 
water level is only 4 or 5 ft. below the 
surface of the ground it would have 
been troublesome to install and maintain 
an under-track pit of adequate capacity. 

The special crane designed to meet 
the conditions, shown herewith, is a 
gantry truss, spanning three tracks with 
the upper chord on which the grab-bucket 
trolley travels cantilevered over a fourth 
track. The machine travels parallel with 
the boiler room on a runway 400 ft. long, 
and can take coal from cars on any of the 


four tracks, crushing and elevating it and © 


delivering into a storage bin above the 
boilers. 

The clam-shell grab bucket holds 2.5 
cu.yd., or aproximately 3600 Ib. of coal. 
Coal is raised about 45 ft. and is carried 
to the end of the bridge nearest to the 
building and dumped into a hopper hav- 
ing a screen bottom. The lumps pass 
over this and through the single-roll 
crusher to a screw conveyor delivering to 
the elevator boot, while the fine coal 
drops through the screen into a chute de- 
livering to the boot. The elevator is of 
the continuous bucket type and lifts the 
coal about 75 ft. and discharges it into 
a spout delivering at an angle through 
hatches in the roof of the boiler room 
to the storage bin from which it feeds by 
gravity to the boilers. 

The entire machine is controlled by an 
operator in a cab on the outboard leg of 
the gantry at a point where he can ob- 
serve the operation of the bucket and 
machinery. This machine was guaranteed 
to have a capacity of 100 tons per hour 
and a test run showed a handling capa- 
city of nearly 150 tons per hour. In 
handling coal at this rate the grab bucket 
must make a complete round trip be- 
tween the car and the receiving hopper 
every 30 sec. on the average, and many 
of the trips are made at a higher speed. 
Bumping logs which prevent the bucket 
from swinging in below the hopper when 
hoisting and racking at the same time, 
contribute to rapid operation and may be 
seen immediately below the lip of the 
hopper over which the bucket passes. 

The crane is operated by 550-volt, di- 
rect-current motors. The main and auxil- 
iary hoist motors are series wound and 
have dynamic brake control which facili- 
tates rapid stops and reversal. The rack- 
ing motor and the two bridge-travel 
motors are series wound with rheostatic 
control, and the crusher and elevator 


By A. D. Williams 


A crane having a guaranteed 
capacity of 100 tons per hour, 
hoisting coal from cars to a dis- 


charge chute 75 ft. above. It 
is operated by motors and con- 
trolled by one operator. 


motors are compound wound with ordi- 
nary starting boxes. These latter run 
continuously when the machine is work- 
ing. A summary of the power consump- 


This might readily account for the dif- 
ference shown in the case of the two 
bridge motors. One being tested run- 


AVERAGES FROM SEVEN READINGS. 


Amp. Amperes 


to Running, 
Volts Start Up Down 
45 hp. Main hoist motor. 548 114 56 31 
30 hp. aux. hoist motor 
(bucket closer)....... 541 83 44 
10 hp. Racking motor.... 530 20 hght 
Two 30 hp. Bridge mot- 
ors in 
allel) . . 543 79 36 
530 75 35 
20 hp. Elevator motor... 551 13 


ning down the runway and the other while 
returning, the wind would help one motor 
and retard the other. As the crane has 
considerable exposed surface, 3 or 4 lb. 
wind pressure per square foot would 


GANTRY COAL HANDLING CRANE 


tion of tkis machine is shown in the ac- 
companying table. 

The difference in the readings taken 
are due to a single set of instruments be- 
ing used upon each of the motors in turn. 


make a very appreciable difference. The 
large voltage fluctuations, however, are 
due to the power being taken from a 
traction plant. 

The total weight of the crane is 125 
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tons and the speed of bridge travel ap- 
proximately 125 ft. per min. The crab 
or trolley weighs 29,500 Ib., the grab 
bucket 5800 Ib. and will carry 3600 lb. of 
bituminous coal. In the test mentioned 
above the trolley round trip was about 
110 ft., and that of the hoist 90 ft. per 
round trip. 
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The hoist motor is geared so that the 
hoisting speed is 140 ft. per min. at 
600 r.p.m. of the motor with 56 amp. 
at 550 volts current input. Very close 
to two seconds is taken to dump the 
bucket and about 7 sec. to fill it. During 
the balance of the time the trolley and 
hoist are both working, half of the time 
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with a load of coal, the return trip with 
an empty bucket. Both the main and 
auxiliary hoist motors pull at the same 
time through different falls. 

The foregoing information and data 
were supplied by the Toledo Bridge & 
Crane Co., which designed and built the 
crane. 


Light and Power Plant Accounts 


In accounts dealing with electric-light 
and power plants, special attention should 
be given to distinguishing between capital 
and revenue expenditures or expense. An 
electrical plant more than any other is 
subject to changes. Improvements and 
extensions are constantly under way, and 
it requires the unremitting effort of the 
auditor to classify the various disburse- 
ments. 

Depreciation calls for a great deal of 
consideration. The machinery in most 
electrical plants operates 24 hr. daily, 
causing a high up-keep cost. The ad- 
vent of new and improved electrical ma- 
chinery is as much a cause for rapid 
depreciation, as wear and tear. 

Depreciation should be based on the 
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Pointers for the accounting 
end of power plant management. 


It is also shown how to enter 
various items in their proper 
place. 


is installed. This is carried as a lia- 
bility and called ‘customers’ deposit ac- 
count.” The account is credited with the 
money paid in, and debited when re- 


Mote Month Jan,| Feb.| Mar.| Apr. 


May | June} July | Aug.| Sept.}| Oct. | Nov.| Dec. 


Date Read | 472 
/00 


Total 


way repairs are maintained. This applies 
to the motors, dynamos, engines, boilers, 


funded. If a customer fails to pay for 
current used, the deposit account is 
debited with the total deposit, and ac- 
counts receivable credited with the 
amount due, and a check drawn for the 
balance, thus crediting cash. The entry 
would be 


Customers’ deposit account....... $5.00 
Accounts received ............... 3.50 


While an employee is engaged upon 
work classed as improvements, such as 
extending a transmission line, his salary 
should be capitalized. Small companies 
employ two or three linemen who per- 
haps spend half of their’ time making 
these extensions, and the other half mak- 
ing repairs. It should be the duty of the 
payroll clerk or the time-keeper to spec- 
ify what proportion is “repairs.” 

Care should be taken to see that freight 
charges have been capitalized on machin- 
ery. The freight cartage and extra help 
required in installing boilers and engines 
frequently run up to large sums which 
should not be overlooked. Separate stock 
accounts should be maintained for meters, 
lamps, poles, crossarms and wiring. A 
storekeeper should be put in charge with 
instructions to deliver only upon a 


— requisition signed by the official in charge 
Fic. 1. METER READING CARD and countersigned by the auditor or the 
January February March April 


etc. Wires and lamps are depreciated 
from 10 to 40 per cent. annually by some. 
Poles and crossarms depreciate about 10 
per cent. annually. In each plant should 
be taken into consideration, age, main- 
tenance and whether the machines are 
run aimost constantly or not. 

Some companies do not make a prac- 
tice of installing private wiring and fix- 
tures, which is done by an outside elec- 
trician. Others have a department which 
not only installs the wiring and fixtures 
but conducts a store and show room, re- 


‘tailing such appurtenances as electric 


irons, toasters, etc. In the latter event, 


the installation department and the store 
should be separated so that the profits 
therefrom can be ascertained with least 
effort. 

Usually a deposit of $5 or more is re- 
quired from a customer before a meter 


100 Duo. 


26. Gy 3 2012.47] 252 72 


Total 


Columns 1 4868 F 


Power 
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Meter No. Date 191__.| Meter No, 
BROWNSVILLE POWER CO. Gate 191 


BROWNSVILLE, O. 


Te__- VA Bat 
Reading This Month 4567 Reading This Mo. 
Reading Last Month ___ + 3 2 
Current Used @0r 


NOTICE:- 


This bill must: positively be presented when payment is made. 


Amount __ 


To be Retained 
by Company. 


Power 


Fic. 3. MONTHLY STATEMENT 


head bookkeeper. Articles when taken 
from stock and put into actual service 
should be transferred in the ledger as 
follows: 


Meters in service............. $250.00 
Te meters in stock... $250.00 


Per requisitions Nos. 4, 7, 10, 15, 18, 25. 

Stock accounts should also be kept for 
coal, oil and waste, supplies, etc., the 
account to be credited and expense to 
be debited by journalizing the requisi- 
tions. Coal will have to be charged to 
expense as notices are received from the 
engineer that it was used. 

The report form Fig. 1 is used in 
meter reading. The difference between 
the reading of the preceding and the 
current month is then posted into the 


agree with the controlling account in the 
general ledger. Thus the total of the 
first column in January represents the 
December accounts receivable. 

In column 2 is the meter reading which 
has been carried from the reading book. 

The total of column 3 is debited to ac- 
counts receivable in the general ledger, 
and credited to the current-sold account. 
This serves the purpose of a sales book 
as it represents the total current sold 
for the month. 

The entry in column 4 represents the 


merchandise sold which the purchaser - 


wanted charged in the regular account 
rendered monthly. The total should be 
credited to the merchandise account and 
dehjted to accounts receivable. 

Column 6 should agree with the ac- 


Req. No. 


Storekeeper:- 


Deliver To 


Date 191 


Quantity 


Cost Price 


For Office Use 


Debit 


Credit 


Acct. 


Acct, 


Power 


Fic. 4. REQUISITION BLANK 


accounts receivable ledger, which is ruled 
as shown in Fig. 2. 

Column 1 represents the balance car- 
vied forward from the preceding month, 
and the total of that column represents 
the total accounts receivable, and should 


counts-receivable column on the debit 
side of the cash book. The advantages of 
this book are obvious, and where from 
10,000 to 20,000 accounts must be 
handled monthly it will be found a neces- 
sity. 
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In making the monthly statements, a 
form similar to Fig. 3 is used. When 
this is presented at the office for payment 
the cashier removes the stub which he 
retains, the larger portion he stamps paid 
and returns to the customer as a re- 
ceipt. The auditor by checking these 
stubs with the payments recorded in the 
accounts-receivable ledger can easily de- 
tect any irregularity or fraud. 

The requisition to be used for service 
on the storekeeper can be ruled as in 
Fig. 4, the accounting department to re- 
tain a carbon copy. This is also used as 
a voucher for journal entries. 


Amendments to National In- 
specting and Testing Rules 


At a general session of the Interstate 
Commerce Commission, held in Washing- 
ton, Sept. 12, in the matter of the prepa- 
ration, approval, and establishment of 
rules and instructions for the inspection 
and testing of locomotive boilers and their 
appurtenances, it was ordered that Rules 
29 and 35, as approved by the commis- 
sion, June 2, 1911, be amended to read as 
follows: 


29. Siphon. Every gage shall have 
a siphon of ample capacity to prevent 
steam entering the gage. The pipe con- 
nection shall enter the boiler direct and 
shall be maintained steam tight between 
the boiler and the gage. The siphon 
pipe and its connections to the boiler 


must be cleaned each time the gage is 
tested. 


35. Setting of Safety Valves. Safety 
valves shall be set to pop at pressures 
not exceeding 6 lb. above the working 
steam pressure. When setting safety 
valves two steam gages shall be used, 
ene of which must be so located that it 
will be in full view of the person en- 
gaged in setting such valves; and if the 
pressure indicated by the gages varies 
more than 3 lb. they shall be removed 
from the boiler, tested, and corrected 
before the safety valves are set. Gages 
shall in all cases be tested immediately 
before the safety valves are set or any 
change made in the setting. When set- 
ting valves the water level in the boiler 
shall not be above the highest gage cock. 


These amendments will be made ef- 
fective on and after Jan. 1, 1913. 


The Edison Illuminating Co., of De- 
troit, is erecting a large lighting plant 
on the river front in Sandwich, Ont., 
to supply current for both heating and 
lighting in Essex, Leamington and Am- 
herstburg. These towns are at present 
supplied by small local plants. 


Aristotle has said of the somnambulis- 
tic state: “There are individuals who 
walk about in their sleep seeing as clear- 
ly as those that are awake.” Can’t do 
this in a power plant. A sleep-walker 
in an engine room wakes up to find his 
job a dream. 


| | 

| 

| 
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Steam Consumption Computations 


In many manufacturing plants the cost 
of steam must be determined to find the 
complete production cost. Usually the 
power required for the different opera- 
tions can be computed readily from test 
data. The steam required by different en- 
gines also can be readily determined if a 
surface condenser and testing apparatus 
are available when making a test. How- 
ever, where several large engines operate 
under different conditions, but draw their 
steam from one boiler plant, determining 
the steam required per horsepower for 
each engine is exceedingly difficult. 

The usual procedure is to determine 
the steam theoretically required from the 
indicator diagram and then allow for 


By J. A. Knesche 


By the use of formulas em- 
ploying! empirical constants the 
losses due to condensation and 
to leakage may be approximated 
for any given type of engine, 


steam pressure, etc. This, ad- 
ded to the computed _ useful 
steam per horsepower-hour gives 
the total steam consumption. 


compound engines must be operated non- 
condensing, but as no reliable data were 
available for determining the steam con- 


TABLE I. USEFUL STEAM PER I. H.P. HR., Ss INPOUNDS WITH SINGLE CYLINDER NON 
CONDENSING, ENGINE STEAM THROTTLED* 


Avg. abs. 

admis- Cutoff in per cent of full stroke. 

sion 
pressure 70 60 50 40 33.3 30 25 | 20 15 

30 

35 51.50 51.00 

40 46.00 44.50 44.50 

45 42.50 40.50 39.50 39.00 

50 39.50 37.75 35.75 35.00 35.00 

55 37.85 35.55 33.50 32.25 32.00 

60 36.50 34.00 31. .40 29.95 29.80 

65 35.25 33 .00 30.75 28.80 28.20 27.75 

70 34.25 32.00 29.80 27.80 26.85 26.30 25.95 

75 33.50 31.00 29.00 27.00 25.85 25.20 24.75 

80 32.65 30.40 28.20 26.20 25.00 24.30 23.75 

85 32.00 29.80 27.55 25.50 24.45 23.52 23.00 22.10 

90 31.50 29.35 27.15 25.00 23.85 23.05 22.50 21.45 

95 31.00 28.95 26.60 .60 23.35 22.75 22.00 20.90 

100 30.60 28.50 26.30 24.25 22.90 22.25 21.50 20.50 19.60 
105 30.30 28.05 26.00 24.00 22.50 21.95 21.00 20.10 19.45 
110 30.00 27.80 25.75 23.65 22.25 21.55 20.75 19.90 19.10 
115 29.75 27.50 25. 23.40 22.00 21.30 20.50 19.50 18.96 
120 29.50 27.30 25.25 23.05 21.65 21.1 20.25 19.25 18.52 
125 29.15 27.05 24.95 22.80 21.50 20.96 20.00 19.00 18.40 
130 28.85 26.80 24.75 22.60 21:35 20.75 19.75 18.85 18.25 
135 28.60 26.55 24.50 22.45 21.15 20.50 19.50 18.60 18.00 
140 28.45 26.30 24.30 22. 21.00 20.30 19.30 18.50 17.82 
145 28.22 26.15 24.15 22.25 20.80 20.15 19.15 18.25 17.75 
150 28.05 26.00 24.05 22.15 20.60 20.00 19.00 17.80 17.55 


* With new engines Su may be taken approximately 1.75 lb. less. 


condensation and leakage. As these losses 


may range from 20 to 100 per cent. of 


the steam theoretically required estimat- 
ing their proper values is often difficult. 
The superiority of the following method 


over the one usually given in textbooks. 


is shown in the computed steam con- 
sumption of several examples, the re- 
sults being very close to what the engi- 
neer knows should be the approximate 
steam consumption for a given set of con- 
ditions. However, scientific accuracy can- 
not be claimed for this method, even 
though all the conditions bearing on a 
given set of indicator diagrams and the 
engine room. To be able to determine 
known, but for practical purposes scien- 
tific accuracy is not necessary in the 
engine room. To be able to determine 
the steam consumption to within 5 or 10 
per cent. is all that can be claimed 
for the method herein outlined. 

In Tables 1 to 4 are given the useful 
steam, exclusive of losses, required per 
indicated horsepower-hour for the engine, 
using dry saturated steam. Occasionally 


sumption under these conditions, no table 
was compiled covering this case. How- 
ever, the gain in steam economy by 


equipping a compound noncondensing en- 
gine with a first-class condenser usually 
will be approximately 25 per cent. There- 
fore, if the figure representing the use- 
ful steam for compound noncondensing 
engines be taken from Table 4, and if 
the steam losses are determined: by the 
methods given, the sum of these divided 
by 0.75 will give a value very close to 
the true steam consumption of the com- 
pound noncondensing engine under con- 
sideration. 


The greater part of the steam loss 
within the cylinder is due to condensation 
and the smaller part to leakage past the 
piston and valves. The condensation 
losses Sc are determined from the for- 
mula 

(1) 
where 

Sc = Steam losses through condensa- 

tion; 


P = Piston speed in feet per second; 
K = Coefficient as given in Table 5. 


when the ratio of stroke to diameter, ( ) 
is approximately 2. 


The smaller figures are to be applied 
to engines that are new or in very good 
condition. 


When > differs considerably from 2, 


the values in Table 5 are to be multiplied 
by the coefficients which are given in 
Table 6. 


If the admission steam is superheated 
sufficiently, cylinder condensation may be 
entirely avoided. With cutoff in the high- 
pressure cylinder ranging from 40 to 25 
per cent. a superheat of from 175 to 250 
deg. F. is sufficient to prevent condensa- 


TABLE 2. USEFUL STEAM PER I. HP. HR. Su IN POUNDS WITH SINGLE CYLINDER, 
NON-CONDENSING ENGINES, AUTOMATIC CUTOFF.* 


Avg. abs Cutoff in per cent of full stroke. 
mission 
_ pressure. 70 60 50 40 | 33.3 30 25 20 15 12.5 10 
35 50.50 | 
40 .| 44.50 | 40.50 | 39.50 .30 | 39.50 | 
45 40.50 | 36.80 | 35.50 | 34.00 | 33.50 | 34.00 | 35.50 
50 38.Q0 | 34.80 | 32.50 | 30.80 | 30.25 | 30.50 | 31.60 
55 36.00 | 33.00 | 30.75 .00 | 27.90 | 27.80 | 28.55 | 30.50 
60 .50 | 31.75 | 29.50 | 27.50 | 26.40 | 25:90 | 26.15 | 26.50 | 28.00 
65 33.45 | 30.75 | 28.40 | 26.25 | 25.00 | 24.50 | 24.45 | 24.40 | 25.50 .50 
70 32.50 | 29.90 | 27.50 | 25.20 | 24. 23.45 | 23.10 | 22.75 | 23.55. | 25.00 | 27.25 
75 31.55 | 29.20 | 26.75 | 24.45 | 23.15 | 22.60 | 22.25 | 21.60 | 22.10 | 23.20 | 25.00 
80 31.00 | 28.50 | 26.00 | 23.75 | 22.50 | 22.00 | 21.50 | 20.80 | 21.00 | 21.95 | 23.00 
85 30.50 | 28.00 | 25.45 | 23.20 | 22.00 | 21.45 | 21.00 | 20.00 | 20.00 | 20.80 | 21.50 
90 30.00 | 27.50 | 25.00 | 22.75 | 21 20.95 -50 | 19.50 | 19.50 | 19.90 | 20.50 
95 29.50 | 27.00 | 24.60 | 22.40 | 21.10 | 20.55 | 20.00 | 19.00 | 19.00 | 19.10 | 19.50 
100 29.10 | 26.50 | 24.20 | 22.00 | 20 20.10 | 19.50 | 18.60 | 18.45 | 18.50 | 19.00 
105 28.80 | 26.10 | 23.90 | 21.65 | 20.45 | 19.80 | 19.00 | 18.40 | 17.85 | 18.00 | 18.50 
110 28.50 | 25.75 , 23.65 | 21.45 1 19.50 | 18.80 | 18.15 | 17.45 | 17.50 | 18.00 
115 28.25 | 25.55 | 23.40 | 21.20 | 19.85 | 19.20 | 18.55 | 17.80 | 17.00 | 17.10 | 17.55 
120 28.00 | 25.40 | 23.15 | 21.00 | 19.55 | 19.00 | 18.35 | 17.50 | 16.60 | 16.80 | 17.10 
125 27.75 | 25.25 | 22.95 | 20.75 | 19.40 | 18.80 | 18.10 | 17.20 | 16. 16.50 | 16.65 
130 27.50 | 25.10 | 22.75 | 20.50 | 19.25 | 18.60 | 17.90 | 17.00 | 16.25 | 16.25 | 16.35 
135 27.35 | 24.90 | 22.55 | 20.30 | 19.05 | 18.45 | 17.60 | 16.80 | 16.10 | 16 16.00 
140 27.10 | 24.65 | 22.40 | 20.15 | 18.85 | 18.30 | 17.35 | 16.55 | 15. 15.75 | 15.55 
145 26.90 | 24.45 | 22.30 | 20.00 | 18.70 | 18.15 | 17.10 | 16.45 | 15.70 | 15.55 | 15.25 
150 26.75 | 24.25 | 22.15 | 19.88 | 18.55 | 18.00 | 16.95 | 16.35 | 15.50 | 15.40 | 15.00 


* With new engines the above values may be taken approximately 1.5 lb. less. 


. 
i 
| | 
| 
a 
. 
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tion. But even in such a case, Sec must 
not be taken as zero, because super- 
heated steam, compared with saturated 
steam, does less work in the engine cyl- 
inder on account of the more rapid fall 
of its expansion curve and also, because 
heat is required to superheat the steam. 
If Sc is determined from the formula 


age past the piston S: may be deter- 
mined according to the formula 
_ 35.14, 3.62 
P 


Example 1—A 42x60-in. vertical, sin- 
gle-cylinder, piston-valve, throttling en- 
gine, the diagrams from which are shown 
in Fig. 1. } 
Top 

Useful steam per indicated horsepower- { 
hour from Table 1, S,, = 34.25 Ib. 

Average admission pressure = 67.8 lb. : 
absolute. 

Cutoff = 73.45 per cent. 


(2) 


where 
i.hp. Indicated horsepower; 
P = Piston speed in feet per second. 
For compound engines the leakage loss 


TABLE 3. “USEFUL STEAM PER I. H.P. HR., Su IN POUNDS WITH SINGLE CYLINDER CON- 


NSING ENGINES, AUTOM: ; 
AUTOMATED Ratio of stroke to diameter ( 1.43. 


Avg. abs. Cutoff in per cent of full stroke. ; 

admission —-—-———-—— 

pressure 50 49 | 333 30 25 20 15 | 12.5, 10 7 5 Bottom End . 
35 24.15 
40 | 23.55 | 21.50 | 20.20 | 19.40 | 18.60 | 17.80 | 16.95 | 16.95 | 16.60 yg ae oe 
45 23.25 | 21.10 | 19.85 | 19.00 | 18.35 | 17.45 | 16.70 | 16 16.30 | 16.15 rage rR 9 
50 23.00 | 20.80 | 19.55 | 18.75 | 18.05 | 17.10 | 16.45 | 16.10 | 16.00 | 15.75 | 16.10 1S 9408 Ip 
55 22.75 |.20.60 | 19.30 | 18.50 | 17.80 | 16.90 | 16.15 | 15.75 | 15.75 | 15 45 | 15.65 i CP 30) ) 
60 22.50 | 20.45 |: 19.10 | 18.25 | 17.55 | 16.70 | 15.90 | 15.50 | 15.50 | 15.15 | 15.45 P- . } 

22.30 | 20.30 | 18.90 | 18.05 | 17.40 | 16.50 | 15.70 | 15.30 | 15.35 | 14.95 | 15.25 
70 22.10 | 20.10 | 18.70 | 17.95 | 17.25 | 16.35 | 15.50 | 15.10 | 15.20 | 14.75 | 15.05 
75 21.95 | 19.97 | 18.55 | 17.80 | 17.10 | 16.18 | 15.35 | 15 15.05 | 14.60 | 14.85 
80 21.80 | 19.81 | 18.40 | 17.72 | 16.95 | 16.05 | 15.20 | 14.90 | 14.90 | 14.50 | 14.65 
85 21.70 | 19.70 | 18.25 | 17.60 | 16.85 | 15.97 | 15.05 | 14.80 | 14.75 | 14.40 | 14.45 maniacs 
90 21.60 | 19.60 | 18.10 | 17.50 | 16.75 | 15.85 | 14.95 | 14.70 | 14.60 | 14.30 | 14.25 
95 21.50 | 19.50 | 18.00 | 17.42 | 16.65 | 15.75 | 14.85 | 14.67 | 14.50 | 14.20 | 14.05 : 
100 21.40 | 19.40 | 17.93 | 17.35 | 16.55 | 15.65 | 14.75 | 14 60 | 14.40 | 14.10 | 13.90 (| 
105 21.30 | 19.30 | 17.85 | 17.27 | 16.45 | 15.55 | 14.67 | 14.53 | 14.30 | 14.00 | 13.80 
110 21.20 | 19.20 | 17.76 | 17.15 | 16.40 | 15.45 | 14 14.45 | 14.20 | 13.95 | 13.75 
115 | 21.10 | 19.10 | 17.67 | 17.07 | 16.35 | 15.37 | 14.55 | 14.40 | 14.10 | 13.90 | 13.70 
120 21.00 | 19.00 | 17.60 | 17.00 | 16.30 | 15.30 | 14.50 | 14.35 | 14.00 | 13.85 | 13.65 : 
125 . | 20.90 | 18.95 | 17.55 | 16.95 | 16.25 | 15.23 | 14.45 | 14.30 | 13.95 | 13.80 | 13.60 
130 ° | 20.80 | 18.90 | 17.50 | 16.90 | 16.20 | 15.15 | 14.40 | 14.25 | 13.90 | 13.75 | 13.55 Power 
135 ~=—_ |: 20.75 | 18.85 | 17.45 | 16.85 | 16.15 | 15.08 | 14.37 | 14.20 | 13.85 | 13.70 | 13.50 
140 ~—- |: 20.70 | 18.80 | 17.40 | 16.80 | 16.10 | 15.00 | 14.35 | 14.15 | 13.77 | 13.65 | 13.45 
145 | 20.65 | 18.75 | 17.35 | 16.75 | 16.05 | 14.95 | 14.32 | 14.10 | 13.75 | 13.60 | 13.40 
150 20.60 | 18.70 | 17.39 | 16.70 | 16.00 | 14.92 | 14.30 | 14.05 | 13.73 | 13.55 | 13.35 4 
| | Piston speed (P) = 5.36 ft. per sec. 


Then 


VP=YV 5.36=2.315 
From Tables 5 and 6, K = 27.93 x 
0.91 = 25.4 and from equation (1) . 


TABLE 4. USEFULSTEAM PERI. H.P. HR., Su IN POUNDS WITH COMPOUND CONDENSING 
ENGINES.* 


Avg. abs. | Cutoff in per cent of full stroke reduced to low pressure cyl. 
admission = 25.4 —111b 

pressure | 25 20 15 12.5 10 7 5 4 ee , : 
40 | | 
45 17.50 16.45 15.25 | 14.80 14.50 14.75 15.30 ae 
50 17.25 16.10 15.00 14.50 14.10 14.25 14.50 TABLE 6. | 
55 16.95 15.85 14.80 | 14.15 13 65 13.75 | 14.00 
65 3. 5.35 .65 3. 13.05 | 13.00 13.00 8 '| Then K in Table 5 is 
70 16.35 15.15 14.20 | 13.50 12.95 12.70 12.60 12.75 If — is approximatel to be multiplied 
75 16.25 15.00 14.00 | 13.35 12.85 12.50 12.25 12.50 d ” ™ by . 
80 16.15 14.90 13.85 13.25 12.75 12.30 12.00 | 12.25 : 
85 16.05 14.80 13.70 13.15 12.65 12.10 11.80 12.00 1 0.82 
90 15.95 14.70 13.55 13.05 12.55 11.95 11.60 11.75 1.25 0.87 
95 15.90 14.65 13.45 12.95 12.45 11.85 11.45 11.50 1 50 0.91 
100 15.85 14.60 13.35 12.85 12.35 11.75 11.30 11.35 290 1.90 
105 15.82 14.55 13.25 12.80 12.25 11.65 11.2 11.20 2.50 1.08 
110 15.79 14.50 13.15 12.70 12.15 11.55 11.4¢ 11.10 3.00 1.15 
115 15.76 14.45 13.05 12.60 12.05 11.45 11:03 11.00 4.00 1.29 
120 15.73 14.40 12.00 12.50 | 11.95 11.35 10.94 10.90 5.00 1.41 
125 15.70 | 14.35 | 13.00 12.45 | 11.85 11.25 10.83 10.80 
130 15.67 14.30 12.¢7 12.42 | 11.75 11.15 10.75 10.70 
| | 11.65 11.05 10 10.60 

5. 2.36 | 11.55 10.95 10.60 10.50 i 
145 15.58 | 14.17 | 12.91 | 12:35 | 11.45 | 10:85 | 10:53 | 10.40 The leakage losses Si .from equation 
150 15.55 14.15 | 12.90 | 12.32 | 11.43 | 16.80 | 10.47 | 10.30 (2} are 
* The above values are for engines in good condition and well defined cutoff and without preheating io eee, anes = 1.57 ©, 
the receiver. P V 289 X 5.36 5.36 


With new engines the above values may be taken from 1 to 1.5 !b. iess in the smaller cutoffs. the horsepower being computed from the 


indicator diagram, Fig. 1. Therefore, 


is 80 per cent. and for triple-expansion 


S§ = 34.25 + 11 + 1.57 = 46.82 lb. 
TABLE 5 engines 64 per cent. of the value given ; 
The steam-line losses are taken at 4 
i : by this formula. With engines in very 
Engine Type Coefficient ie per cent.; hence the total steam consump- 
good condition S: may be only one-half 
Pe y tion is 46.82 x 1.04 = 48.7 Ib. per hp.hr. 
condensing... 27 .938 to 25.952 the foregoing values while, with pistons BoTTOoM END 

23.955 “19.963 visibly leaky condition, the leakage Useful steam er indicated horsepower 
Automatié cutoff, single cylinder loss may be twice this or even more. h f T 33 

Compound, condensing..." 19:03,“ 17.998 condensation losses in the steam admicsion pressure 
Triple expansion, condensing...... 16.758 “* 15.96 lines plus any water carried over with Average admission pressure = 57.8 Ib. 


K 
Sc = when superheated steam is 


used, then K will be from % to % the 


value for saturated steam, as given in 
Table 5. 


For single-cylinder engines the leak- 


the steam when the boilers prime may 
be taken from 4 to 10 per cent., depend- 
ing upon the size and length of the 
steam line, its covering and the frequency 
with which the boilers prime. 

The following examples will make 
clear the application of the preceding 
discussion, tables and formulas: 


absolute. 
Cutoff = 70.5 per cent. 
Condensation losses Sc 
top end or 11 lk. 
Leakage losses S: = 
35.14 3.62 


same as for 


V 301.5 X 5.36 
Therefore 


— = 1.55 lb 
5.36 
| 
| 
4 
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S = 335+ 11 4+ 1.55 = 46.05 lb. 
The steam-line losses are taken at 4 
per cent.; hence the total steam consump- 
tion is 

46.05 x 1.04 = 47.9 lb. per hp.-hr. 
Therefore the average steam consump- 
tion for the engine is 48.3 lb. per indi- 
cated horsepower-hour. 

Example 2—A 12 and 20 by 18-in. 
compound fywheel boiler-feed pump, 
noncondensing with Meyer cutoff gear, 
the diagrams from which are shown in 
Fig. 2. 


HIGH-PRESSURE HEAD END AND Low- 
PRESSURE CRANK END* 


Useful steam per indicated horsepower- 
hour from Table 4, Su = 13.6 Ib. ° 

Average admission pressure 124.7 Ib. 
absolute. 

Cutoff = 47.5 per cent. 

Effective area of high-pressure piston 
= 109.95 sq.in. 

Effective area of low-pressure piston 
= 309.25 sq.in. 

Cutoff in high-pressure cyiinder re- 
duced to low-pressure cylinder = 


47.5 X 109.95 
309.25 or 16.89 per cent 
Condensation lesses S: where 
From Tables 5 and 6, K = 19.95 x 


0.91 = 18.15 


P= 1.6and 1.6 = 1.26 
Therefore, 


The leakage losses S: = 


0.8 x 
V (8.989 + 8.33) X 1.6 
Then 


0:5 = 3.57 bb. 

S = 13.6 + 14.4 + 3.57 = 31.57 Ib. 
Taking the steam-line losses at 3 per 
vent., the total steam consumption is 

31.57 x 1.03 = 32.5 1b. per hp.-hr. 


HIGH-PRESSURE CRANK END AND Low- 
PRESSURE HEAD END 


Average admission pressure 119.7 Ib. 
per sq.in. abs. 
Cutoff = 54.2 per cent. 
Effective area of high-pressure piston 
= 108.19 sq.in. 
Effective area of low-pressure piston 
= 311.01 sq.in. 
Cutoff in high-pressure cylinder re- 
duced to low-pressure cylinder — 
54.2 108.19 


Su from Table 4 = 14.2 Ib. 
Condensation losses same as for head 
end or 14.4 Ib. 


= 18.9 per cent. 


*The opposite ends of the high- and 
low-pressure cylinders are added be- 
cause immediately after the steam ex- 
hausts from the head end of the high- 
pressure cylinder, steam is admitted 
into the crank end of the low-pressure 
eylinder. 
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Leakage losses, Si) = 
35.14 3.62 
0.8 x (— 3.62 
(8.84 + 11.49) X 1.6 
O.5:= 3.37 ib. 


Therefore, 

S = 14.2 + 14.4 + 3.37 = 31.97 Ib. 

The steam-line losses are taken at 3 
per cent.; hence the total steam con- 
sumption is 

31.97 x 1.03 = 32.93 lb. 

The average steam consumption for 

the entire pump, condensing is 


32.72 lb. 


Noncondensing, or as operated, it is 

32.72 

0.75 

As th’s pump was practically new when 

the diagrams were taken, the leakage 

loss is assumed as 50 per cent. of the 
usual figure. 

Example 3—A 22 and 36 by 42-in. 

compound Corliss engine, noncondensing. 


"9 Head End 
Me. 
$89 


Grank End 


= 43.66 lb. per i.hp.-hr. 


80 lb, Spring 


Head End 


EB n. Spring 
Lhp.H49 


40 
Crank End 
Power 


Fic. 2 


HIGH-PRESSURE HEAD END AND Low- 
PRESSURE CRANK END 


Average admiss‘on pressure = 134.7 
lb. absolute. 
Cutoff = 17.5 per cent. 
Effective area of high-pressure pis- 
tion = 380.13 sq.in. 
Effective area of low-pressure pis- 
ton = 1004.51 sq.in. 
Cutoff in high-pressure reduced to low- 
pressure cylinder = 
17.5 X 380.13 
6.6 per cent. 
Su from Table 4 = 11.05 Ib. 
Condensation losses: 


* — 2 (approximately) 


d 

K=Sce V P= 19.95 

_ 012 
P= 138.07 


and 


V P=YV 13.07 or 3.618 


S = 11.05 + 5.52 + 0.69 = 
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hence, 
19.95 
Se = 5.52 1b. 
Leakage losses, Si = 
35.14 3.6 
(0.8 x 
V (180.89 + 93.28) K 13.07 13.07 
= 0.69 lb. 
Therefore, 


17.26 Ib. 


With the steam-line losses taken at 4 
per cent., the total steam consumption is 
17.26 x 1.04 = 17.95 /b. per i.hp.-hr. 


Head End -H.P. 


r. 
ep. 40. 
hp. 180.89 


95 Ib. 


Crank End-H.P 


Head End-.L.P. 


Wer. 16 /b. Spring 


Piston Rod 
Ih. 
‘93.28 |b. 


Crank End-LP, 
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Fic. 3 


HIGH-PRESSURE CRANK END AND Low- 
PRESSURE HEAD END 


Average admission pressure = 120 lb. 
absolute. 

Cutoff = 16.4 per cent. 

Effective area of high-pressure piston 
= 366.77 sq.in. 

Effective area of low-pressure piston 
= 1004.51 sq.in. 

Cutoff in high-pressure cylinder re- 
duced to low-pressure cylinder = 


16.4 X 366.77 
Su from Table 4 = 11.14 Ib. 


Condensation losses same as for head 
end or 5.52 lb. 


Leakage losses Si) = 


x( 35.14 3:62 
V (159.88+ 105.2) X 13.07 13.07 
= 0.70 lb. 


| 
rpm... 
56.7 /b. 
[hp. 159.88 
W2rpm. 
105.6 
3.62 
0.8 

: 
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S§ = 11.14 + 5.52 + 0.7 = 17.36 DB. 
With the steam-line losses taken at 4 
per cent., the total steam consumption is 
17.36 x 1.04 = 18.05 Ib. per i.hp.-hr. 
The average steam consumption for the 
entire engine condensing is 18 lb., while 
noncondensing, or as operated, it is 
18 


0.75 == lb. per t.hp.-hr. 


Sterling Model D Sight Feed 
Oil Pump 


This pump provides a variable crank 
speed, and each pumping unit has two 
plungers. The primary piunger draws 
the oil from the reservoir, forcing it 
through the sight-feed whence it is 


Fic. 1. SicGHT FEED Pump 


pumped to the point of discharge by the 
secondary or high-pressure plunger. Each 
plunger and sight-feed unit is complete 
and independent of the other, and may 
be removed from the reservoir without 
draining off the oil, or stopping the other 
pumping units. 

The stuffing-boxes of the high-pressure 
plungers are back of a removable plate, 


(ie i Al 


Fic. 1. TUBE SCRAPER 


and, although concealed and protected 
from dust and dirt, are accessible and 
easily packed. 

By manipulating a knurled nut, the 
Primary or circulating pump can be set 
to deliver a measured amount of oil at 
each stroke. The. driving mechanism is 
Steel, hardened where practicable and in- 
closed. The pump is shown in Fig. 1. 

Fig. 2 is a section of the oil pump. In 
Operation the oil in the reservoir A is 
drawn in by the circulating pump for the 
Sight-feeds. The tube B is fastened to 
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the adjusting screw C and is stationary‘ 


during the operation of the pump. The 
cam D, fastened on the shaft E, causes 
the yoke F to reciprocate vertically as 
the shaft rotates. thus covering and un- 
covering the port G which allows oil to 
flow into the chamber H. With every 
upward stroke oil is forced past the small 
check J, through the tube B and ports 
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The actuating cam of each feed may 
be set at an angle independent from the 
other cams, or any number of feeds may 
be operated at the same time by the same 
cam, such cam being located on the main 
shaft of the lubricator. Each pumping 
unit, also including the secondary or 
forcing pumps, may be unscrewed and 
raised from the reservoir without inter- 


i 
UML 


Fic. 2. SECTIONS THROUGH OIL PUMP 


J, K and L, to the disk nozzle M, from 
whence it drops into the chamber N back 
of the sight-feed glass O, which enables 
the drop to.be seen. 

Oil is then drawn into the force pump 
of the system. The main plunger P has 
a small plunger or valve Q, having a 
limited motion within the main plunger. 
As the main plunger goes down, this 
small plunger Q keeps the port closed 
until near the bottom of the stroke, when 
it is opened suddenly and draws in oil 


regardless of its viscosity. The plunger 


then starts upward, and as the oil is in 
the bottom of the chamber R, any air 
which may be in the chamber is forced 
out. The valve or small plunger Q then 
seats, and the main plunger forces the 


Fic. 


oil through the double checks SS to the 
standpipe 7, and into ‘the line, through 
the check valve which prevents any steam 
backing into the lubricator. 

A driving sleeve carries four pawls X, 
which engage with the ratchet Y, keyed 
to the shaft E. Any angle drive may 
be obtained and any amount of angular 
movement from 7 to 360 deg. The pump 
is also fitted with a crank whereby the 
pump may be flooded by hand without. 
disarranging the adjustment of the noz- 
zle cam. 


7 


fering with the work of the other units. 
These features make the pumps especial- 
ly desirable for timing the lubrication of 
gas engines, in which case the pump may 
be operated by either a sprocket mounted 
on the main shaft, chain driven, or by 
bevel-gears. This pump is made by the 
Sterling Machine Co., Norwich, Conn. 


Fireman’s Favorite Tube 


Scraper 


The “Fireman’s Favorite,” tube scraper 
is an improvement over the old style 
known as the “Engineer’s Favorite,” in 
that the scraping arms are steel; those in 
the old style were malleable iron. They 
are formed in the shape of a scoop, as 


2. BRUSH AND SCRAPER 


illustrated in Fig. 1. The main features 
of the old scraper are retained. 

The scraper is also made with a brush, 
as in Fig. 2. A. W. Chesterton Co., 64 
India St., Boston, Mass., manufactures the 
scrapers. 


Bessemer steel was first made in this 
country in September, 1864, by William 
F. Durfee, at an experimental plant at 
Wyandotte, Mich., and openhearth steel 
in 1864 by the New Jersey Steel & Iron 
Co., at Trenton. 
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Electrical Department 


The Magneto and the Spark 
Coil 
By JosePH B. BAKER 


The electric spark for igniting the mix- 
ture in an internal-combustion engine may 
be produced by the magneto (short for 
magneto-electric generator) or by the 
spark coil or induction coil, both operat- 
ing by dynamo-electric induction. 


DYNAMO-ELEOTRIC INDUCTION 


To understand how the magneto and 
spark coil work, it is necessary first: to 
understand how dynamo-electric currents 
are generated. A simple conductor or 
wire, AB (Fig. 1), through which a cur- 


Now let the wire C,, Fig. 3, be brought 
within the field of a fixed wire C carrying 
acurrent. The outermost of these lines 
will begin to cut C: and will induce an 
electromotive force in C:, causing a cur- 
rent to flow through the latter (if a closed 
circuit). This induced current in C: will 
flow as long as the number of lines 
threading through the circuit of C: is be- 
ing added to, as by the continued en- 
croachment upon the field of C; it will 
cease when this foreign field stops grow- 
ing in C,’s territory. If the foreign field 
begins to diminish an induced current 
will flow in C, in the reverse direction. 

The foreign field may be that of a 
magnet. Thus the coil of wire in Fig. 
4 will have a current induced in it by any 


©) \\ Diaphragm 
WS Zi} king 
Magnetization Curve 
EME Curve 


Conducted to be of service to the men in charge of electrical equipment in the power house 


Magneto-electric induction, the basis of 
the magneto, is the generation of an elec- 
tromotive force in a conductor by the 
relative movement between a field and 
the conductor, so that the flux sweeps 
through the conductor, or vice versa. In 
electromagnetic induction, which is the 
basis of the spark coil, the electromotive 
force is generated by the varying flux 
which is in turn produced by varying the 
current in a fixed conductor mounted in 
inductive relation to another fixed con- 
ductor. 


THE INDUCTOR MAGNETO 


Connect an ordinary telephone receiver 
to a low-reading voltmeter by wires sev- 
eral feet long, so that the telephone 
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PRINCIPLES 


rent is flowing in the direction indicated 
by the large arrow, is surrounded by a 
magnetic field which at any point has the 
direction, relative to the direction of the 
current, indicated by the small arrows. 
This relation between a current and its 
surrounding field is analogous to the ad- 
vance and rotation of a corkscrew. The 
field is strongest near the wire and grows 
weaker with the distance from the wire, 
as indicated in Fig. 2. The field of a 


current varying in strength, growing al-~ 


ternately stronger and weaker, is sur- 
rounded by a bundle of lines of force 
which alternately expand out from the 
wire and collapse in upon it, the strength 
of the current corresponding at any in- 
stant to that of the magnetic flux sur- 
rounding the wire and varying with the 
rate of change of the flux. 


FIG. 13 


OF THE MAGNETO AND THE SPARK COIL ILLUSTRATED 


relative movement of the coil and the 
near-by magnet. 

Note that it is the variation in position 
or strength of the field that produces 
these effects. If in Fig. 3 both C and C: 
are stationary a field built up around C 
by connecting a battery to this wire will, 
as it expands outward from C, encroach 
on C,’s territory and will therefore in- 
duce a current in C:. If this inducing 
current in C is interrupted, the collapse 
of the field will induce a reverse cur- 
rent in Ci. 

These experiments illustrate dynamo- 
electric induction as the inducing of cur- 
rents in a circuit by any change in the 
strength or direction of the flux threading 
through the circuit, the effect being pro- 
portional to the rate of change in the 
flux. 


magnet’s field cannot possibly reach to 
the voltmeter. The telephone receiver 
consists of a steel magnet with its poles 
opposite a flexible iron disk or diaphragm 
and inclosed by coils of insulated wire 
(Fig. 5). Lines of force (not shown) 
extend from pole to pole of the magnet, 
taking a certain arrangement determined 
by the close proximity of the iron disk. 
The amount of the total flux that threads 
completely through the two coils and goes 
into the disk, as compared with the 
amount of the flux that passes directly 
across from pole to pole, will depend 
on the distance of the disk from the poles 
and will be changed by any to-and-fro 
movement of the disk. While watching 
the voltmeter place the thumb on the 
telephone disk and press it suddenly in. 
The movement of the disk deflects the 
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pointer momentarily ; and on suddenly re- 
leasing the disk the pointer moves again 
but in the opposite direction. By sharply 
tapping with the end of a lead pencil, 
so as to move the disk more quickly, 
larger deflections are caused. In moving 
the iron disk in the field of a permanent 


magnet, thereby causing the latter’s flux: 


to cut the turns of the coils, is illustrated 
one method of magneto-electric genera- 
tion of current. 

Now perform this experiment in an- 
other way, that is, with the apparatus 
shown in Fig. 6, which constitutes the 
essentials of an inductor magneto. A Z- 
shaped inductor armature A is mounted 
on a shaft and rotated in the interpolar 
space of the magnet NS. Surrounding 
the middle part of the inductor arma- 
ture is a stationary coil C. It is clear 
that the magnet’s field will pass through 
the armature (and, therefore, through the 
middle of the coil) in one direction in 
the plan view 1 and in the opposite di- 
rection in the plan view 2, showing the 
inductor armature 180 deg. later. There- 
fore, when the armature is rotated rapid- 
ly an alternating current is generated in 
the coil by the forcing of a rapidly chang- 
ing flux through the coil. These changes 
in strength and direction are indicated in 
the full-line curve, Fig. 7, of which the 
portion PQR corresponds to one com- 
plete revolution of the inductor armature. 
The height of the initial point P above 
the zero line indicates the flux when the 
armature is in the position of view 1, 
Fig. 6, allowing the maximum number 
of lines of force to thread through the 
coil in the direction indicated. As the 
armature is rotated, the widening of the 
gaps between it and the polepieces chokes 
back the flux traversing the moving iron 
more and more until this flux falls to zero 
in the position at right angles to that of 
view 1 (the 90-deg. point on the curve). 
As the rotation continues the field begins 
to drive a flux through the armature in 
the reverse direction; this flux attaining 
a maximum value in the 180-deg. posi- 
tion represented by view 2, Fig. 6, and 
corresponding to the point Q on the curve. 

By this alternation of the armature flux, 
an alternating electromotive force is gen- 
erated, having a number of double re- 
versal cycles per minute equal to the 
number of revolutions per minute of the 
armature. The maximum values of the 
induced electromotive force in both di- 
rections correspond to the positions of 
the inductor armature where the rate of 
change of the flux traversing the coil is 
at its maximum; that is, at the point 
where the full-line curve crosses the zero 
line in the reversal of the flux. On the 
other hand, the electromotive force will 
Pass through its zero value (in reversing) 
at the point where the rate of change of 
the flux through the armature is zero, 
that is, at the points where this curve is 
at its maximum. Therefore, the dotted 


POWER 
line curve is shifted along 90 deg. from 
the magnetization curve and represents 
the alternating electromotive force. Thus 
the alternating electromotive force fol- 
lows the alternating flux-at a “phase dis- 
placement” of one-quarter period. 


THE WOUND-ARMATURE MAGNETO 


Let Fig. 8 represent an experiment 
based on the concept of Fig. 3; that is, 
the cutting of a flux by a moving con- 
ductor. If the wire is tapped sharply at 
the point A, between the poles of the 
magnet, the pointer of the voltmeter will 
deflect momentarily—the direction and 
amount of the deflection depending upon 
the direction and rapidity of the move- 
ment of the wire. As in the experiment 
with the telephone receiver and voltmeter 
the electromotive. force induced depends 
upon the rate of change in the number 
of lines of force inclosed by the circuit 
of the wire. The directions of the mag- 
netic field, of the electromotive force in- 
duced and of the motion of the con- 
ductor are all at right angles to each 
other, and their directions may be repre- 
sented by the thumb and first two fingers 
of the right hand, as in Fig. 9. 

The experiment just described is util- 
ized in the construction shown in Fig. 
10. The wire-frame armature, revolving 
on a shaft (not shown) coaxial with the 
interpolar space of the magnet NS will 
inclose a varying number of lines of 
force; as this armature revolves the 
plane will be inclined more and more to 
the direction of the flux, fewer and fewer 
lines of force being threaded through it. 
At the end of one-quarter of a revolution 
from the vertical position shown no lines 
of force will be threading through the 
armature; as the revolution proceeds the 
flux through the armature will increase, 
reaching a maximum when the armature 
has reached the vertical position, and so 
on. An alternating electromotive force 
will therefore be delivered at the two 
collector rings in a cycle (similar to that 
represented in Fig. 7). 

In the construction of actual wound- 
armature magnetos the efficiency of the 
armature is greatly increased by a shuttle- 
shaped iron core. The alternating cur- 
rents generated as this armature is re- 
volved will be very much stronger than 
in an armature without iron on account 
of the low-reluctance iron path. In igni- 
tion magnetos built on this principle, 
whether of the so called “low-tension” 
or “high-tension” type, several field mag- 
nets are employed, and the armature 
winding consists of a large number of 
turns. The voltage is therefore propor- 
tional to the strength of field, the speed 
of the armature and the number of turns 
in the armature. In the low-tension mag- 
neto the armature winding is of few 
turns of heavy wire, generating a large 
current at low voltage. The high-tension 
magneto may be a “primary armature” 
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machine having a long, fine-wire armature 
winding, or it may be a “compound arma- 
ture” machine having a long, fine-wire 
winding and also a low resistance sec- 
ondary winding and a condenser. 

Certain nonrotating magnetos have 
been designed to generate electromotive 
force for a single igniting spark instead 
of a continuously alternating electromo- 
tive force. In the oscillating type of ma- 
chine a single properly timed impulse is 
given by a short oscillation through the 
maximum electromotive force portion of 
a revolution only. Several types‘of “pull- 
off armature” magneto are also made in 
which the single spark is given by sud- 
denly jerking an armature off the pole- 
pieces of a specially designed magnet. 
Two-spark magnetos with a double sec- 
ondary winding are also made. 

In the usual ignition magneto, instead 
of the collector rings shown in Fig. 10, 
one terminal of the armature winding is 
grounded on the core and the other is 
brought out to an insulated stud. In the 
design of bipolar machines for generating 
a direct current, the two terminals are 
brought out to a split-ring commutator, 
which at every half revolution reverses 
the electromotive force delivered to the 
external circuit; this is essentially a 
dynamo, having an electromagnetic field. 
Dynamos built on this principle and used 
for ignition on automobiles usually have 
continuous armature windings consisting 
of a number of coils connected in series 
and with taps brought to a corresponding 
number of commutator segments. The 
electrical output of these machines is 
high compared with that of a magneto 
machine of the same size. 


THE SPARK COIL 


If a current is made to flow through 
the one-turn coil C, Fig. 11, the accom- 
panying field will loop through C, also, 
as indicated. Electromotive force surges 
through the secondary for every change 
of current strength in the primary, the 
induced electromotive force being in one 
direction for an increasing primary cur- 
rent and in the other for a decreasing 
primary current; its strength depends on 
the rate of change of the strength of 
the primary current. In practice, the 
induction coil (Fig. 12) has a primary 
of a few turns of heavy wire, a second- 
ary of many turns of fine wire, and a 
core of soft iron wire; the flux (indicated 
by the dotted line) being greatly increased 
by the iron core. When the primary is 
connected to a source of varying cur- 
rent of low voltage, an alternating cur- 
rent of high voltage is generated in the 
secondary by the alternate expansion and 
collapse of the flux, in accordance with 
the ratio of the number of turns of the 
two coils. For ignition work the coil is 
designed to transform direct-current en- 
ergy at 4 to 8 volts into alternating-cur- 
rent energy at the necessary high elec- 
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tromotive force to give a jump spark in 
the engine cylinder under working condi- 
tions. 

The variation in the primary current 
necessary to give a continuous series of 
sparks at the terminals of the secondary 
is usually given by a trembler interrupter 
mounted opposite one end of the soft iron 
core, the connections being as shown in 
Fig. 13. The contact screw is adjusted 
to touch the hammer so that on closing 
the switch the battery sends current 
through the contact to the primary. The 
resulting magnetization of the core at- 
tracts the hammer, causing its spring to 
open the contact; but this interruption of 
the current demagnetizes the core, al- 
lowing the hammer to spring back, this 
make-and-break action is repeated as 
long as the battery circuit is closed, giv- 
ing a series of discharges at the spark 
plug. 

A condenser which forms part of the 
spark coil serves to render the make- 
and-break more abrupt, and also to pro- 
tect the platinum trembler contacts from 
the burning effect produced by the con- 
tact spark or the arc occurring at every 
break. 

Mention should be made of a special 
utilization of the spark coii to give a 
single good igniting spark in the engine 
cylinder at the proper instant, instead 
of a series of sparks, by a mechanical 
interrupter operated by a cam driven from 
the engine instead of the continuously 
operating trembler interrupter. 


Five New Mazda Lamps 


Formerly the only round-bulb Edison 
Mazda lamps available for 100- to 130- 
volt circuits were the 15-, 25-, 40-, 60-, 
400- and 500-watt sizes. On Oct. 1, the 
General Electric Co. added two new in- 
termediate sizes, namely, the 100-watt 
and 150-watt sizes. Also for use on 200- 
to 260-volt circuits they have added 25- 
and 100-watt sizes to the existing sizes 
of 40 and 60 watts. This gives the user 
nearly the same wide range of sizes now 
available in the standard or pear-shaned 
bulbs. 

Another new lamp, put on the market 
at the same time, is the “concentrated 
light source” Edison Mazda lamp. This 
lamp has a concentrated filament and 
will be used on 100-130-volt circuits 
wherever a concentrated light source is 
desired. To obtain the necessary con- 
centrated light source the wire filament 
is formed into a helix of small diameter 
somewhat resembling a closely coiled 


spring; this is then mounted in a space. 


approximately ™% in. each way, thus giv- 
ing a greatly concentrated light source. 
The lamp operates at the high efficiency 
of 1.23 watts per mean horizontal candle- 
power, and is designed to give a life of 
approximately 250 hr. at its rated effi- 
ciency. 


POWER 
CORRESPONDENCE 


Inspecting and Testing 
- Electrical Apparatus 


In Mr. Cook’s article, in the Aug. 13 
issue, methods are given for testing out 
phases on alternating-current generators, 
or other apparatus. For this purpose 
lamps are shown connected in series with 
each leg of the circuit for low-voltage 
work and transformers connected across 
the respective circuits for high-voltage 
work; in the latter case the lamps are 
connected between the two sets of trans- 
formers in the secondary circuits. 

The connection given for low-voltage 
work, using lamps, is correct; that given 


for the transformers is uncertain, as the 


transformers may not all be wound 
and connected to their respective ter- 
minals alike; that is, one may be crossed 
as compared to some other, which con- 
dition would cause a wrong indication at 
the lamps. Another bad feature is the 
large number of connections tending to 
make the method confusing. Also all 
opposing transformers must be alike; in 
practice it is not always possible to ob- 
tain the required number of transform- 
ers, for such a test, which fulfill this re- 
quirement. 

A method which is much more simple 
and which cannot be affected in its re- 


TRANSFORMERS IN SERIES WITH EACH 
LEG OF CIRCUIT 


Power 


sults, by unlike internal connections of 
the transformers, and in which, trans- 
formers with unlike ratios can be used 
if necessary, is herewith described. 

One potential transformer is required 
for each leg of the circuit, the primary 
wound for the normal working voltage 
and all the transformers to have the same 
ratio if possible. Each transformer has 
a lamp (or lamps in series) in its sec- 


ondary circuit to correspond to the nor- ~ 


mal voltage of that circuit. With the 
proper number of transformers prepared 
as outlined, connect the primary coil of 
one in series with each leg of the circuit 
as shown; this rule to be followed re- 
gardless of the number of wires in the 
circuit. Synchronism will be indicated 
when all the lamps are dark. 

If necessary to use transformers with 
unlike ratios the load on the secondary 
circuits must be so adjusted that the 


primary current will be the same in each. 
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There are certain conditions under 
which this method may be varied but for 
ordinary conditions it is better to follow 
the rule as stated and use similar trans- 
formers if available. 

C. W. BELL. 

Scranton, Penn. 


Commutator Grinding Device 


The illustration shows an apparatus for 
truing commutators, which has _ been 
found very convenient in plants whose 
equipment does not include a commutator 
grinder. 

The apparatus is composed of a sand- 
stone slab about 2'%4x6 in., cut from an 


GRINDING DEVICE IN POosITION 


old grindstone, a 4x4-in. timber which 
has a mortised slot to receive this slab, 
two blocks placed on the frame of the 
machine upon which the timber rests, a 
lagscrew and an iron plate. The blocks 
are of such height that the sandstone 
slab just clears the coramutator when in 
position. The lagscrew is screwed into 
one end of the timber and its point rests 
on the iron plate, as shown. 

In use the brushes, or at least the 
bottom set, are removed and the machine 
is brought up to speed. The lagscrew 
is then screwed in until the sandstone 
touches the commutator. A man at each 
end of the timber pushes it back and 
forth lengthwise with the commutator 
and also in the direction of its own length; 
the latter movement is to keep the face 
of the stone worn evenly. The lagscrew 
is tightened and the movement continued 
until the commutator is ground round and 
smooth. 

The timber and blocks must be smooth 
to prevent the timber from rocking. It 
must also be stiff enough to prevent 
springing or the commutator will not be 
round. Collector rings can be trued with 
this apparatus equally well. It is es- 
pecially adapted to commutators with un- 
der-cut mica even when it is convenient 
to take the armature to a lathe, for at- 
tempts to turn this type of commutator 
on a lathe are not always successful. 

JAMES SPIVENS. 

Albuquerque, N. M. 
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A New Gas Engine Design 


To avoid the difficulties in making com- 
plicated cylinder castings which shall be 
free from cracking and internal strains, 
and to eliminate troubles due to faulty 
valves and valve-gears, many designers 
have directed their attention to simplicity 
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in design. One of the most successful 
attempts in this respect is the Oechel- 
haeuser engine, in which a simple cylin- 
der is employed, open at both ends, with 
two pistons coupled to the same crank- 
shaft by a piston rod and side rods. Not 
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Fic. 2, CYLINDERS READY TO BE MOUNTED 


Only is the cylinder casting thus reduced 
to its most elementary form, but also, 
by making the pistons cover and uncover 
Ports in the cylinder walls, valves are 
done away with altogether. Unfortunate- 
ly, there are objections to this design 
Which have prevented its general adop- 
tion, 

The principle, however, was too good 
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Gas Power Department 


Worth-while gas-engine and producer information treated in a way that can be of practical use 


to be abandoned, and at the meeting of 
the Iron and Steel Institute of England 
in October a new method of carrying it 
into practice was described by A. E. L. 
Chorlton. The design which he has de- 
veloped possesses features of remarkable 
ingenuity, and represents a distinct de- 
parture from current practice. 

Referring to Fig. 1, it wili be seen that 
two cylinders are employed, or a multiple 
of two, each pair being connected at the 
top and bottom by a trunk. Each pair of 
cylinders is cast in halves, which are 
accurately fitted together in a plane pass- 
ing through the ports, and the castings 
are free from awkward corners, pockets, 
etc., which would interfere with uniform 
expansion at high temperatures. Long 
pistons are employed, with piston rods 


Fic. 3. END SECTION OF ENGINE 


passing through the stuffing-boxes at the 
lower ends; the boxes at the upper ends 
are blocked up, as shown in the section, 
Fig. 3. Around the middle portion of 
each cylinder is a circular box, bolted to 
flanges and serving as inlet and exhaust 
chambers. The combined cylinders rest 
by their flanges on stools in a large tank, 
which forms a water jacket. 
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The engine works on the two-stroke- 
cycle, and the action is as follows: The 
left-hand crank, connected with the pis- 
ton controlling the exhaust ports, is set 
slightly in advance of the other, so that 
the exhaust ports are uncovered before 
the inlet ports, releasing the burnt gases. 
The inlet ports.are then uncovered, and a 


Fic. 4. ASSEMBLED ENGINE OF THE 
“DUPLEX TYPE” 


scavenging charge of pure air is blown 
through the cylinders by a pump, followed 
by the fresh charge of gas and air as. 
the exhaust ports close. The inlet ports 
then close, and compression takes place, 
followed by ignition and expansion in the 
usual way. This cycle occurs in each 
end of the cylinders during every revolu- 
tion, so that the maximum possible out- 
put is obtained from a given pair of 
cylinders. 

The vertical type was chosen because, 
besides greatly reducing the floor-space 
occupied, the cost is about 20 per cent. 
less than that of the horizontal type; 
standard steam-engine practice has been 
followed in the rest of the design. Mr. 
Choriton points out that a twin duplex 
engine of this type, with four cylinders, 
has only four moving parts subjected to 
high temperatures, as compared with 20 
in the case of an equivalent twin tandem 
four-stroke-cycle engine, and it can be 
run at a higher temperature, even with 
the jacket water boiling. All difficulties 
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with the jacket are overcome, as the water 
has free and direct’ access to all parts 
exposed to high temperatures, and the 
outside of the cylinder is accessible for 
cleaning and inspection. 

The author claims that engines of this 
type can be built for very large outputs; 
Fig. 2 is a section through one of the 
cylinders of a large “duplex” engine 
having four cylinders, each 36 in. in 
diameter by 43 in. stroke, and running 
at 140 r.p.m. The flywheel is 12 ft. 3 
in. in diameter and weighs 60 long tons, 
and the floor-space occupied is 475 sq.ft. 
The mechanical efficiency of an engine of 
this type having cylinders 15% in. in 
diameter by 18 in. stroke .was 85 per 
cent. 


The Junkers Engine—IV 
By F. E. JUNGE 


The action of forces in side rods and 
interconnections will be discussed first 
and then followed by a study of the cor- 
responding actions in the crank mechan- 
ism of Diesel and Junkers engines. The 
side-rod mechanism of the Junkers engine 
is made up of the following parts, pro- 
ceeding from the crankshaft: 

1. The inside or vertical mechanism; 
see Fig. 18, consisting of the crosshead 
traverse piece G, the side rods E and -F, 
the head traverse piece H, and the pis- 
ion rods A and B. 

2. The outside or horizontal mechan- 
ism; see Fig. 19, consisting of the side 
rods K and L, the traverse piece J and the 
piston rods C and D. The acting forces 
are balanced within the mechanism itself. 
The rods EF of the inner mechanism are 
always in tension and can, therefore, be 
dimensioned independent of their length. 
The rods K and L, of the outside mechan- 
ism, however, are alternately in tension 
and compression. In calculating the 
buckling loads for these rods, their short 
length is to their advantage. To avoid 
unnecessary weight these rods are turned 
out hollow. 

The side rods are guided in such a 
way that torsional or lateral vibrations 
cannot be set up, but longitudinal oscilla- 
tions may be excited in the rods E, F, 
K and L. These vibrations are guarded 
against by proportioning the cross-sec- 
tions of the rods and the masses of the 
pistons with respect to the normal num- 
ber of revolutions of the engine. 

The critical speed of the engine is de- 
termined as follows, for the rods EF: 


30 2EF 1 
where 
n = Critical number of revolu- 
tions per minute of the en- 
gine; 
E = Modulus of elasticity of the 
material of the rods; 
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F = Cross-sectional area of the 
rods; 
L = Free length of the rods; 
m, and m: = Masses of pistons A and B 


respectively. 
For the rods KL 
30 2 Ef 
n=—,|>—— 
lm 
where 
f = Cross-sectional area of the 
rods; 


1 = Free length of the rods; 
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3. The force S is resolved into the 
force N, equal, opposite and parallel to 
the pressure N on the guides, and the 
force P, equal to the piston pressure P. 

From this it will be seen that the force 
couple NR is always equal to the couple 
Tr; that is, the frame reaction moment 
and the crank effort are always in equi- 
librium. If the engine possesses a strong- 
ly fluctuating crank effort, an equal and 
opposite moment is set up tending to 
rock the engine and its foundation ac- 
cordingly. 
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FIG.19 


- CONNECTIONS BETWEEN PISTONS AND CRANKSHAFT IN JUNKERS ENGINE 


m = Aggregate mass of the pistons 
C and D. 
In practice n must be chosen from 30 to 
50 r.p.m. above or below the normal 
speed of the engine. 


FORCES IN THE DIESEL ENGINE 


The gas pressure acts on the piston 
and the cylinder cover with the force P; 
see Fig. 20. The pressure P on the pis- 
ton may be resolved at the crosshead into 
the pressure N on the slides and the con- 
necting-rod component S. The force S 
in the connecting-rod is resolved at the 
crankpin into the tangential or turning 
force T and the radial force R. 

Without affecting the equilibrium, two 
equal and opposite forces, each equal to 


The force P mentioned is balanced by 
the force P acting on the cylinder cover, 
through the medium of the engine frame 
and cylinder. Since the gas pressure can- 
not shift the bedplate in any way, it 
can only set up internal forces, namely, 
the forces P, tending to pull apart or | 
compress the engine frame and the cyl- 
inder, and the bending moments Ph which 
at every part of the frame and cylinder 
tend to buckle or snap these elements 
(h being the distance of the center of 
gravity from the center line of the en- 
gine). 

Due to the periodic nature of the forces 
and moments mentioned, all the respec- 
tive parts are exposed to periods of vi- 
bration. This exacts a dissipation of en- 


Fic. 20. ACTION OF ForcEs IN DIESEL ENGINE 


and acting along the same line as T, 
may be applied at the center of the crank- 
shaft. This results in: 

1. A couple Tr, identical with the 
turning effort of the engine. 

2. The force T remaining over at the 
crank center, when combined with the 
radial force R, supplies the connecting- 
rod force S at the same point. 


ergy necessary for the absorption of the 
oscillations. 


FORCES IN THE JUNKERS ENGINE 


Imagine the crank of the ordinary 
steam-engine mechanism to be reproduced 
by a distance equal to its own length, on 
the other side of the crank center. Thus 
two cranks of equal length set at 180 


it 

| 

O 

FIG.18 

7 K 

_—$ 

| — 

thy 

ah 

ut 

T 

| 

P 
< >— 

| (Rh | | 


November 12, 1912 


deg. to each other are obtained. If the 
new crank be supplied with a connecting- 
rod, placed opposite to the already ex- 
isting one, the mechanism of the Junkers 
engine results. The mechanism of the 
Junkers engine may, therefore, be virtual- 
ly considered to be made up of two or- 
dinary steam-engine mechanisms super- 
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3. Force N’ equal, but opposite in di- 
rection, to the pressure on the guides. 
This, and the latter force, form the force 
couple N’l’. 

4. A force at the crank center of 
equal value, but opposite in direction to 
the tangential force 7’. Both forces sup- 
ply the couple T’r’. 
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Fic. 21. ACTION OF FORCES IN JUNKERS ENGINE 


imposed, the cranks of the latter set 
at 180 deg., and the connecting-rods dis- 
posed on the same side of the crankpin 
circle; see Fig. 21. 

The force actions are then obviously 
as follows. For the front piston: 

1. A tangential force T. 

2. A pressure on the guides N. 

3. <A force N equal, but opposite, to 
the pressure on the guides; this force 
with the latter forms the couple WN. 

4. At the crank center a force of equal 
value, but opposite in direction to the 
tangential force T; both forces supplying 
the couple Tr. 


‘5. A force at the crank center equal 
in value and direction to piston force P. 

The couples NI and N’l’ for both mech- 
anisms, augment one another, the same 
holding true for the turning moments 
Tr and T’r’. Hence 

Ni+ NV = (T+ T')r 

The piston forces P, mentioned under 
5, neutralize each other exactly. Instead 
of the interlocking of the internal forces 
being accomplished by means of the 
frame, as is the case with the ordinary 
engine, it is effected in the mechanism it- 
self, by the side rods, traverse pieces and 
crankshaft. 
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the inertia balancing, as is the case in 
other types. The cranks can, therefore, 
be set at angles producing the most uni- 
form turning moment, without reference 
to balancing at all. 


PRESSURE REVERSAL 


In Fig. 22 the resulting piston pres- 
sures for a Junkers engine are plotted 
(tandem arrangement). An _ indicator 
diagram showing a pressure of 590 lb. per 
sq.in. during combustion is taken as a 
basis. The pressure due to inertia is 
assumed at 295 lb. per sq.in. for infinitely 
long connecting-rods. As will appear 
from the diagram, the pressure reversal 
in the Junkers engine takes place short- 
ly before the dead center is reached. 
This is what is desired and corresponds 
to the practice followed in steam engines. 

In the single-acting Diesel engine, 
radically different conditions are met. The 
nature of the resulting pressure curve 
is shown in Fig. 23, which is based on 
the same data as in the preceding case. 
On the forward or expansion stroke no 
Pressure reversal takes place at all. 
Hence the inertia curve nowhere inter- 
sects the expansion line. This, of course, 
is only the case when the value of the 
inertia pressure is kept low enough. At 
higher values of the inertia of the re- 
ciprocating parts, one pressure reversal 
may take place when the expansion line 
is just touched by the inertia curve. Two 
pressure reversals will, however, take 
place as soon as the curves intersect. 

On the other hand, during the back or 


5. A force P at the crank center equal 
in value and direction to the piston pres- 
sure P, 

For the rear piston the forces are an- 
alogous, namely, the gas.pressure P on 

P 
the rear piston is transmitted as > to 
each of the side rods, by its traverse 
piece. At the gudgeon pin of the sec- 
ond mechanism these again combine to 
equal P. Thus results: 

1. Pressure N’ on the guides. 

2. A tangential force T’. 


Fic. 22. RESULTING PRESSURES IN JUNKERS ENGINE 


The reaction moments at the frame are, 
of course, retained. This is a peculiarity 
of every engine, for whenever an engine 
produces a turning moment, the engine 
itself must bear back with an equal mo- 
ment. However, the existence of these 
moments is of little importance in ar- 
rangements of several units of the Junk- 
ers type, for, owing to the excellent bal- 
ance of the reciprocating parts, the posi- 
tions of the cranks are not restricted to 
any special relative spacing in order to 
attain favorable conditions in regard to 


Instroke compression stroke the resulting pressure 
changes its direction twice; once near 
mid-stroke, and again almost at the dead 
center. These reversals could only be 
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Fic. 23. RESULTING PRESSURES IN DIESEL ENGINE 


. obviated by considerably decreasing either 


the inertia pressure or the number of 
revolutions. This decrease would have 
to be of such an extent, as to let the 
inertia curve either touch the expansion 
line or keep quite clear of it. In the 
first instance one change of pressure 
would still have to be reckoned with, 
while in the second there would be none 
to fear. Yet, a diminution of the neces- 
Saty range is impracticable. Thus in 


practice one is forced to put up with the 
trying reversal near mid-stroke. 
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Heating and Ventilation 


Considered as power-plant problems. Layout and operation of systems and apparatus 


Forced Draft Control at Ritz- 
Carlton Hotel 


By CHARLES A. FULLER 

In the Mar. 19 issue, the heating and 
ventilating system in the addition to the 
Ritz-Carlton Hotel, Forty-sixth St. and 
Madison Ave., New York City, was de- 
scribed. At the time when this work was 
designed, provision was made to increase 
the boiler plant to take care of the ad- 
ditional load. The original plant consisted 
of five boilers aggregating a total of about 
1600 hp. of the Franklin water-tube type. 
Two new boilers of 300 hp. capacity each 
were added. 


ducts through the main building wall 
which separates the old boiler plant from 
the new. 

For the two 300-hp. boilers, one Sturte- 
vant No. 8 single-width bottom-discharge 
horizontal multivane fan is used, directly 
connected to a 5x7-in. vertical engine. 
This unit is capable of delivering 13,500 
cu.ft. of air per minute against a static 
pressure of 1% in. when running at 435 
r.p.m. 

The fan and engine are directly in the 
‘rear of the two boilers and the fan dis- 
charges into a chamber below the com- 
bustion space back of the bridge-wall. 
This chamber, 8 in. deep, extends from 


ute against a static pressure of 1% in. 
when running at 370 r.p.m. This unit 
was too large to place back of the boilers 
as in the other case, and therefore had 
to be located in the adjoining basement 


of the new building. The supply duct 
leads from the outlet of the fan and ex- 
tends along the wall back of the boilers, 
of size shown in Fig. 1. The branches 
to each boiler are taken from the bot- 
tom of this duct and extend along the 
floor to a chamber below the combustion 
space, formed in the same manner as the 
ones described for the new boilers. Ex- 
cavating was mecessary here to avoid 
reducing the area of the combustion 
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The stack was 6 ft. in diameter and 
225 ft. high, which was considerably too 
small for the entire load. It was there- 
fore necessary to install some form of 
forced or induced draft to compensate 
for the lack of stack capacity. The re- 
stricted head room and the location of 
the smoke breeching was such as to prac- 
tically eliminate the use of an induced- 
draft system, which necessitated the se- 
lection of forced draft. It was also nec- 
essary to divide the system into two sep- 
arate units, one for the new boilers and 
one for the old boilers, to avoid carrying 


the bridge-wall to the rear boiler wall, ~ 


the entire width of the setting. The bot- 
tom of the space is finished smooth with 
concrete and the top is formed by T- 
irons across the area covered with con- 
crete and finished with paving brick. A 
duct 8x60 in. leads from this chamber up 
through the bridge-wall and discharges 
into the ashpit below the grates. 

The fan for the old boilers is a Sturte- 
vant No. 9 double-width top vertical-dis- 
charge, multivane type, directly connected 
to a 7x7-in. vertical engine. This unit 
can deliver 36,000 cu.ft. of air per min- 
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PLAN OF BOILER Room AT Ritz CARLTON HOTEL 


chamber. The bridge-walls were torn 
down and rebuilt in each of the boilers 
to form the duct leading up to the ash- 
pit. 

To each boiler, 22 lb. of air per pound 
of coal was allowed for proper combus- 
tion. Assuming 4% Ib. of coal burned 
per horsepower-hour and the weight of 
1 cu.ft. of air at 80 deg. F. being 0.073 
Ib., then 


22K 4.5 _ 
0.073 X 60 = 22.6 cu.ft. 


of air is delivered per horsepower-minute. 
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Then multiplying the horsepower of a 
boiler by 22.6 gives the cubic feet of air 
to be delivered per minute to that boiler. 

The velocity of air in the main duct 
is figured at 2500 ft. per min. and the 


Chain to uptake Darnper 
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cinerator entered the breeching. As a 
result, when the main damper closed with 
the increase in steam pressure, it also 
closed the draft from the incinerator, 
causing the smoke to back up and produc- 


A 
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Fic. 2. ARRANGEMENT OF 


discharge velocity into the ashpit is 1800 
ft. per min., with a static pressure at 
the fan of 1% in. of water. 

A Garrett fan regulator controls the 
speed of the engine directly from the 
steam pressure in the boilers. This regu- 
lator operates like the ordinary damper 
regulator, the steam pressure being com- 
municated to a diaphragm which actuates 
a pilot valve on a water cylinder. The 
piston in the water cylinder is connected 
by a chain to a balanced valve in the 
steam-supply main to the fan engine. As 
the steam pressure drops slightly, the 
speed of the fan is increased and cor- 
respondingly increases the draft which 
brings the steam pressure back to normal. 
If the steam pressure drops, the opera- 
tion is reversed. This balanced valve in 
the steam supply has an attachment which 
can be so adjusted that it will not close 
off entirely but only slow the engine down 
to its minimum speed. 

The flue from the garbage incinerator 
at the extreme end of the old boiler room 
discharges into the end of the main 
breeching as shown. Before the forced- 
draft system was installed, the main 
damper was in the breeching near the 
Stack, beyond where the flue from the in- 


CANADY CONTROLLER 


ing objectionable odors which could be 
detected up through the house at times. 
To correct this trouble Canady combus- 
tion controllers, which would control the 
individual dampers in each flue and also 
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working in conjunction with the con- 
trollers on the fan engines, the gases 
from the incinerator were not retarded. 

As the control on each boiler is sep- 
arate. and distinct from the others, each 
boiler will carry its proportionate part of 
the total load, as the pressure of air un- 
der the grates is so regulated that ap- 
proximately the required amount of air 
will pass through the fuel bed. 

The operation of the complete under- 
grate draft system is as follows: The 
normal speed of the fan is such that the 
quantity and pressure of the air delivered 
will be sufficient for operating the boil- 
ers at the average load, the pressure in 
the ashpit of each individual boiler be- 
ing regulated as previously mentioned. 
In the steam line to the engine driving 
the fan, there is the balanced valve pre- 
viously mentioned connected to a steam 
regulator which operates with change in 
the steam pressure. Should the steam 
pressure rise or fall, due to a decrease 
or increase in the boiler load, the fan 
will automatically slow down or speed 
up, the quantity of air delivered will be 
decreased or increased, and the combus- 
tion controllers will automatically read- 
just the positions of the dampers, admit- 
ting less or more air to pass through the 
fuel bed, corresponding to the necessary 
decrease or increase in the fuel consump- 
tion for the load on the boilers. 

In its construction and operation the 
combustion controller is essentially as 
follows: Referring to Fig. 2, a cast-iron 
box R, approximately 18x16x4 in., con- 
taining a close fitting, swinging vane C 
of special heat-resisting material, is at- 
cached to the back of the boiler. The 
vane communicates on one side with the 
combustion chamber through a cast-iron 
pipe B set in the boiler wall, and on the 
other side with atmospheric pressure 
through ports P in the box cover. This 
vane being well balanced and of con- 
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Fic. 3. SECTIONAL VIEW THROUGH SETTING, SHOWING DRAFT CONTROL 


the butterfly dampers in the blast con- 
nections under the grates, were installed. 
Then by discontinuing the use of the main 
damper and allowing the steam pressure 
to be controlled by the Canady system 


siderable area, is caused to swing either 
in or out, with the slightest variation of 
the suction in the combustion chamber 
and in doing so operates a small pilot 
valve F which in turn admits or releases 
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hydraulic pressure to the operating cyl- 


inders J and G, whose piston rods are 


connected by chains and levers to the 
dampers H and K, Fig. 3. The pilot valve 
F also acts as a check, locking the damp- 
ers in whatever position corresponds to 
the suction in the furnace for which 
the controller has been set. 

The upward movement of the cylinder 
pistons is accomplished by hydraulic 
pressure, and the downward movement 
by weights on the piston rods. The 
weights on the cylinder controlling the 
uptake damper are considerably heavier 
than those on the cylinder controlling the 
air-blast damper, so that when water is 
admitted the piston in the latter accom- 
plishes its full upward stroke, before the 
former starts to operate. On their down- 
ward movement the pistons act in the re- 
verse order, due to the heavier weighting 
of the uptake-cylinder piston rod. As the 
draft necessary for removing the gases 
from the furnace is practically constant, 
the cylinder piston which operates the 
uptake or breeching damper, maintains 
the latter in the open position for which 
it is set, corresponding to the rating de- 
sired from the boiler, except at such 


times, which will be noted later, when the 


piston will close, or partially close the 
damper. Any increase in the thickness 
of the fuel bed, blow-holes, opening of 
fire-doors, or other furnace occurrances 
are taken care of by the piston operating 
the air-blast damper, which continually 
alters the position of the latter so as to 
maintain the desired suction in the fur- 
nace, and consequently a practically con- 
stant amount of air for a uniform rate 
of combustion. 

The cylinder piston operating the up- 
take damper comes into play when the 
fan slows down, due to high steam pres- 
sure, the events taking place in the fol- 
lowing order: When the steam exceeds 
the desired pressure, the fan slows down 
and immediately the air-blast damper 
goes wide open, but with the fan running 
at its slow speed there is not enough air 
to maintain the required vacuum in the 
furnace. 

The piston operating the air-blast 
damper having gone to the top of its 
stroke and opened wide the damper, the 
uptake-damper piston starts to rise and 
gradually closes the damper, continuing 
in its upward movement until such po- 
sition is reached, when the required vac- 
uum is restored. The relative movements 
of the two cylinder pistons are reversed, 


so to speak, as when one rises it opens 


the air-blast damper, while when the sec- 
ond rises, it closes the uptake damper. 
When the steam pressure falls and the 
engine speeds up, the cylinder pistons 
act in the reverse order, the one operat- 
ing the uptake damper completing its 
down stroke before the one operating the 
air-blast damper starts on its down stroke, 
the latter coming to rest in the position 
corresponding to that which the uptake 
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damper occupies with its operating pis- 
ton at the bottom of its stroke. 

In addition to the butterfly dampers in 
the supply ducts, hand dampers are also 
provided on the outlets in the bridge- 
walls, as shown in Fig. 3. These damp- 
ers are controlled by levers which ex- 
tend out through the boiler fronts. 

The addition to the power plant and 
the forced-draft system was designed by 
Messrs. Clark, MacMullen & Riley, con- 
sulting engineers, New York City. 


CORRESPONDENCE 
Heating the Shop 


Some time ago the writer was sent out 
on a peculiar case in a factory doing 
good machine work. In the coldest win- 
ter weather the production seemed to fall 
of and the quality of the work was af- 
fected. The firm had an idea that the 
shop was not properly heated or venti- 
lated. The building was about 200 ft. 
long by 50 ft. wide, set up on ‘supports 
and without a basement. In summer it 
was an ideal place, but in winter the men 
complained of cold feet and parched 
throats. The machines were set across 
the shop with an aisle running the entire 
length in the middle and one on each 
side. In the roof over the center aisle 
were skylights to give ventilation. The 
heat was supplied by a fan pulling the 
air through a box coil made up of eight 
sections, having one valve on the supply 
and one on the return so that all of the 
sections or none must be used. 

The heated air was then blown around 
the shop through pipes running on the 
side walls about a foot from the top. 
About every 8 ft. were branch pipes to 
distribute the air across the room, the 
idea being to send it across and then up- 
ward out through the skylights. This ar- 
rangement had worked fairly well for a 
few years though the men had complained 
of cold feet. The summer before the 
trouble commenced, the firm took out all 
the shafting and ran the machines by in- 
dividual motors. 

When the heating apparatus was started 
for the cold months it was found that 
the shop could not be heated with the 
skylights open, so they were kept shut 
and ventilation sacrificed. This resulted 
in general depression of the workmen 
and excessive drinking of water. They 
had tried to keep the side windows open, 
but it was so cold that they soon shut 
them. Steam was crowded into the coils 
at the expense of the engine. Then they 
tried turning down the branch air pipes, 
so that the hot air would blow almost 
upon the men, but soon gave that up. 

When the writer had learned all the 
details, he decided that the overhead 
shafting and pulleys had acted as de- 
flectors of the hot air as it came out of 
the pipes, so that the main current was 
broken up and the air distributed more 
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generally. When the overhead work was 
taken out there was nothing to prevent 
the air from going across and out through 
the openings in the roof, leaving a cold 
strata of air near the floor. 

There had never been a fresh air sup- _ 
ply for the fan, the air being used over 
and over. The only fresh air coming 
in was the leakage around the windows. 
It was finally decided to carry the branch 
air pipes to the floors with deflectors to 
distribute along the floor, the air eventual- 
ly rising and leaving through the roof. 
The firm decided against a fresh air sup- 
ply for the fan, for if air could come in 
through the roof openings there would 
be no need of the additional expense. 
But when shown the effect of counter- 
currents and the advantages of thermostat 
control, it was decided to build a cham- 
ber around the steam coil and install 
mixing dampers automatically controlled 
by a thermostat. The steam coil was 
divided into four units under individual 
control. The result was satisfactory to 


‘all concerned and much better work was 


turned out during the winter months. 
P. J. Downey. 
Dorchester, Mass. 


Leaky Thermostat Causes 
Trouble 


A little trouble I had recently with a 
heating and ventilating system installed 
in a theater may be of interest. 

Fresh air was taken from the outside 
and drawn through three heating coils 
by a fan. Under the coils was a bypass 
damper operated by a thermostat. When 
the temperature of the air reached 70 
deg. the bypass damper opened and al- 
lowed the air to pass under the coils. 
When the temperature was less than 70 
deg: the damper closed and all the air 
passed through the coils. During the 
cold weather the system worked all right, 
but in warmer weather, when cutting off 
the heat was necessary, the air com- 
pressor would not maintain normal pres- 
sure. Compressed air was used to op- 
erate all dampers except the bypass. On 
a very warm day the pressure would stay 
up but if it turned colder in the night 
the pressure fell off again, and the best 
we could get was 5 or 6 Ib., where 15 
lb. was necessary to operate the dampers. 

A long search revealed that the thermo- 
stat had a leaky port. With the damper 
closed more air leaked out than the com- 
pressor could supply and maintain the 
pressure, but with the damper open the 


leaky port was closed so that the air 


pressure was normal. Reducing the leak- 
age from the port cured the trouble. 
ANpDREW A. LAFFERTY. 
New Bedford, Mass. 


In its last fiscal year, the Missouri Pa- 
cific carried 4,230,000 tons of coal, an in- 
crease of 36.5 per cent. over that of 1911. 
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Reciprocating Engines for 
Battleships 


It is interesting to note that the new 
dreadnought “New York,” launched a few 
days ago at the Brooklyn Navy Yard, 
and which when placed in commission 
will be the most powerful battleship afloat, 
is to be propelled by reciprocating en- 
gines of 28,000 hp. 

When the wave of popularity of the 
steam turbine for marine purposes was 
at its height a few years ago most of the 
foreign governments immediately adopted 
this type and our navy department was 
severely criticized for not taking similar 
action. It appears now, however, that the 
Navy Department was determined not to 
be influenced by popular opinion, but de- 
sired first to determine the status of the 
turbine for naval purposes from the 
standpoint of both maneuvering and econ- 
omy. 

Accordingly the three scout cruisers, 
“Birmingham,” “Salem” and “Chester,” 
were built, equipped with reciprocating 
engines, Curtis turbines and Parsons tur- 
bines, respectively. An exhaustive series 
of comparative steaming tests was made 
on these ships, the results of which were 
published in Power at the time. 

The first battleship to be equipped with 
turbines was the “North Dakota’, the 
“Delaware,” its sistership, having recip- 
rocating engines. During the two years 
that these ships have been in commis- 
sion we understand that the “North Da- 
kota” has been decidedly the more ex- 
pensive to maintain from the point of 
coal consumption, and has spent more 
time in the navy yard undergoing repairs 
than the “Delaware.” 

While it is true that the later ships, 
the “Florida” and “Utah,” also have tur- 
bines, they were laid down and well un- 
der construction before comparative re- 
sults could be obtained with the two 
earlier ships. 

A battleship of this class is designed 
for a speed of about 21 knots, but when 
cruising, except during special speed 
trials, rarely exceeds 15 or 16 knots. In 
Stationary practice the speed of a tur- 


bine is maintained constant and the steam 


’ supply is regulated to meet the load. In 


marine practice, however, the revolutions 
of the propeller, and consequently those 
of the turbine, decrease with a decrease 
in the_speed of the ship. While the load 
curve of a turbine is somewhat flatter 
than that of a reciprocating engine, it 
is well known that the steam consumption 
increases with a decrease in the rotative 
speed. This accounts for the increased 
steam consumption at lower ship speeds. 

The success of the turbine in cer- 
tain fast Atlantic liners is due to their 
being run always at the speed for which 
they are designed. 


International Expositions 


It is hardly to be wondered at that the 
different countries have found it neces- 
sary finally to confer upon and establish 
agreements relating to the regulation of 
international expositions or exhibitions. 
Rather the wonder is that the abuse of 
them has not brought about some definite 
action eariier. 

There have been various poorly organ- 
ized attempts to do what a conference 
now in session at Berlin will probably 
accomplish, but lack of harmony or fail- 
ure to codperate on the part of all coun- 
tries or interested concerns has ham- 
pered the work of earlier organizations. 

A particular evil has been the too fre- 
quent occurrence of expositions, which 
has been a hardship to manufacturers, 
as it is the exception rather than the 
rule that the exhibitor comes through an 
exposition with his returns from it any- 
where nearly equalling the expenses it 
has put upon him. The loss has to be 
charged to the selling expense, and ulti- 
mately the public or the purchasers of 
the commodities exhibited have to make 
up for it in the higher prices paid. 

Another evil of the World’s Fair is the 
debt which the city holding it contracts, 
always deluded by the idea that the city 
will be greatly advertised, that people will 
flock to it, and that its growth will be 
remarkably more rapid after the exposi- 
tion is over. Municipal authorities, boards 
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of trade and enthusiastic citizens are 
always ready to invite an exposition, but 
the experience is always the same. The 
outcome is a large debt from which it 
takes a good many years to recover and 
generally several individuals are a few 
thousand dollars out with nothing to con- 
sole them but the thought that they have 
spent their money in a benevolent cause 


if the community and outsiders, so far 


- as they could reach the exhibition, have 


been educated by it. 

Perhaps worst of all the abuses of the 
international exhibition as generally 
handled, is the bad management, some- 
times so bad that it is criminal. A few 
unprincipled people may seek personal 
profit by graft in connection with the 
renting of spaces, making of awards, etc., 
and the awards, unfortunately, have come 
to mean so little that they are scarce 
worth striving for. 

All these abuses will come within the 
province of the Exposition Congress in 
Berlin to act upon. It will be in session 
probably for several weeks and little will 
be known of its findings until the end. 
Enough is known so far, however, to be 
assured that, if the agreement is car- 
ried out, there will be no general ex- 
positions in the future except at inter- 
vals of three years, and the same coun- 


try will not hold them more frequently 


than once in ten years. If the congress 
accomplishes nothing more than reducing 
the frequency of expositions it will have 
done a good work, for which manufac- 
turers the world over will be grateful. 


Cost of Central Station © 
Current 

A thoughtful analysis of the relative 
distribution of the expense of central- 
station current, as shown by the rates 
charged large and small consumers, is 
given on page 700. It shows an apparent 
injustice in the discrimination against 
the small consumer. Although individu- 
ally his business is small, there are a 
great many of him and the aggregate 
load of all the small consumers is de- 
sirable both in quantity, duration and the 
time of day when it occurs. On this 
ground then it seems unfair that his rate 
should be such as to cover the fixed 
charges on the total capacity, while the 
large consumer actually obtains his power 
at less than cost (pro rata cost per kilo- 
watt-hour sold). 


POWER 


Graphically this situation is depicted 

‘in the cartoon on the first page and helps 

to emphasize a condition that seems de- 
serving of some discussion. It would be 
interesting to hear from others that may 
disagree with the author’s conclusions, 
as to how they justify the existing dis- 
tribution of expense for central-station 
current, or on what other basis more 
of arrangements regarding itinerary, pro 
equitable rates might be fixed. 


Write-Ups 

For the benefit of the reader and ad- 
vertiser alike we take this occasion to de- 
clare our position with regard to pub- 
licity matter. By the latter is meant any- 
thing emanating from manufacturers, 
whether news, descriptive matter, test 
data, or what not, issued for the purpose 
of keeping themselves before the public. 

An editor must judge of the avail- 
ability of matter from the standpoint of 


the subscriber. Is it the kind of matter 


that the readers pay for, the printing 
of which will satisfy them arid cause 
them to continue their respect for and 
use of the paper? 

Nobody has a more uptodate knowl- 
edge of power-plant problems than the 
makers of power-plant apparatus. Each 
is, or should be, a specialist in his own 
line. Access to this knowledge would be 
a godsend to an editor. - Much of it 
might be printed to the advantage of the 
manufacturer. Most manufacturers are 
either so busy that they cannot stop to 
tell or write what they know, or are 
afraid it might be of some use to their 
competitors, and so hide their talents 
and those of their designers and engi- 
neers, under a “talk-and-be-bounced” 
order, instead of writing themselves and 
letting their people write themselves and 
the firm to the front as experts and 
specialists in their lines. 

The publicity men of these firms are in 
position to get much material which we 
would be glad to have; material that is 
as welcome from them as from anybody 
else, and which we are quite as ready to 
pay them for as other contributors. Our 
experience, however, is that, as a rule, 
either the publicity man fails to sense 
the value of this class of material or his 
employer will not let him give it out, 
fearing that it will help a competitor or 
feeling that it does not sufficiently ad- 
vertise him. His idea is that nothing 
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does him any good but a puffy “write- 
up” filled with extravagant claims, and 
containing his street and number—the 
very thing that does him no good at all. 

Power does not give “write-ups.” If 
an article appears to be _ interesting 
enough to our readers, we will publish 
it. If it comes from a publicity man and 
he is able to exploit his success in get- 
ting it used to his advantage with his 
client, that is his business. If the arti- 
cle is of real advertising benefit to the 
client, all the better, especially if he is 
one of our friends and patrons. But the 
consideration which leads to the accept- 
ance of the article is not whether its 
publication will help the publicity: man 
or the advertiser, but whether it will in- 
terest and benefit the reader. 


The Modern Way 


We are pleased to note that the Amer- 
ican Society of Mechanical Engineers has 
joined the ranks of progressive organiza- 
tions, and proposes in future to conduct 
its meeting on a strictly modern basis. 
In common with other societies, it has 
followed the old custom of appointing a 
local committee in the city where a con- 
vention was to be held to attend to the 
social features of the convention. This 
involves the soliciting of subscriptions 
from local members, which is bad, or 
from local firms, which is worse, in order 
to defray expenses of receptions, colla- 
tions, dances or other entertainment. 

The modern method is to have every 
participant in the social features of a 
convention pay his share of the expense, 
and we believe that both the visiting and 
local members will be glad of an op- 
portunity of paying their own way instead 
of feeling under obligation to members 
who reside within the convention zone. 

We are informed that this step was 
taken, after due consideration of all 
phases of the question, as being the only 
feasible method of handling the expense 
of the social feature, which, in spite of 
all economies possible, runs into several 
thousand dollars at each convention. 

And while any change of this kind 
comes as more or less of a shock, we are 
quite sure that no member of an organi- 
zation of this kind desires to have his 
entertainment paid for by another mem- 
ber, and that, as soon as members be- 
come accustomed to the new order, the 
change will be appreciated by all. 
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Readers with Something to Say 


A letter good enough to print will be paid for. 


Notes on Water Works 
Pumps 


In the writer’s opinion, the design 
shown in Fig. 1 has many advantages 
from the operator’s point of view. Should 
either of the steel valve sections A or B 
break, they can be removed conveniently 
without dismantling the entire pump and 
engine. All that is necessary. is to re- 
move the flange bolts and roll out the 

Area Inlet 27sq.in 
Area Qutlet!27sq. in. 


Area Plunger End 
730 sq.in. 
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A DesicGN Havinc MANY OPER- 
ATING ADVANTAGES 


Fic. 1. 


broken section when a new one can be 
placed in position. 

Fig. 2 represents a vertical triple pump 
of an earlier design. This type having 
a duty of 100,000,000 ft.-lb. was con- 
sidered the height of pump achievement 
when placed in operation about 1880. 
The duty of the pump shown in Fig. 1 
is 180,000,000 foot-pounds. 

The total inlet area of the suction-valve 
deck (Fig. 1) is 1527 sq.in., and the dis- 
charge area is the same. The cross- 
sectional area of the plunger is 730 sq.in., 
which makes the discharge and the inlet 
areas 50 per cent. greater than the 
Plunger area, the displacement being 190 
gal. for each revolution and a total of 
570 gal. for the three plungers. 

The argument has been advanced that 
the greatly increased duty of the later 
design is due to an increased steam pres- 
Sure and ‘the proportioning of cylinders 
that afford an increased number of ex- 
Pansions. The writer can see. no great 
improvement in the steam engine of the 
two types;’ both are steam jacketed and 
have reheating coils in the receivers. An 
examination of the water ends shows an 
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entirely different design and quite a dif- 
ference in the proportioning of valve 
areas with reference to-the plunger dis- 
placement. 

The area of the plunger of Fig. 2 is 
520 sq.in.; the total area of the inlet 
suction valves 250 sq.in., and the area 
of the discharge-valve opening is but 169 
sq.in., thus making the area of the plunger 
3.08 times that of the discharge-valve 
area and over twice that of the suction- 
valve area. Consequently the mechani- 
cal efficiency was very low, and the cost 
of repairs became unduly high. The 
breaking of suction-valve decks around 
the point OO was considered at that time 
due more to a mysterious providence than 
to bad design. Repairs of this nature 
were made by securing a 2-in. brass 
plate, of the same dimensions as the suc- 
tion-valve deck, to the valve deck by tap 


Area Plunger End 
$20'sq. in. 

Area Discharge 
/69sq. ‘in. 


Area Suction 
230 sq. tn. 
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Fic. 2..-AN EARLIER DESIGN OF VERTICAL 
Pump 


At high plunger speeds the pressure 
in the suction chamber, for the instant 
that the plunger started inward, would 
become much greater than that in the 
discharge line, due to the restricted pass- 
ages and the inertia of the pump valves, 
the plunger tending to displace water 
more rapidly than it could escape. After 
more mature consideration, this seems to 
be the cause not only of the low duty, 
but the breaking of the suction-valve 
decks as explained. 

The writer contends that the increased 
duty of the later design is due to a more 
efficient pump, and not to any great im- 
provement in the engine design, other 


than a construction that affords an initial 
steam pressure 50 per cent. greater than 
that. of 15 years ago. This extra spurt 
in the improvement of the displacement 
pump, came just in time to place it a 
little ahead in the race for high duty 
with the steam-driven turbine centrifugal 
pump. 

Fig. 3 shows a horizontal type of pump 
that is of an earlier design than that 
shown in Fig. 2. Some designs included 
a tail-rod with an outside bearing, the 
intent of which was to support the weight 
of the plunger. This, however, seems to 
have been considered unnecessary by 
most American builders, many of whom 
considered the plunger simply as a water- 
tight, cast-iron shell, and therefore to 
be regarded as a large float whose buoy- 
ancy is sufficient to keep it from bearing 
too heavily on the bottom of the packing 
box. 

The writer has in mind one instance 
where a plunger became filled with water 
which caused it to run out of true and 
the bottom of the plunger became scored. 
The area of the plunger of the pump 
shown in Fig. 3, is 552 sq.in., the area 
of one-half of the outlets of the dis- . 
charge-valve deck, is 379 sq.in., and of 


Area of Plunger 552 sq. in. 


Area of discharge valve 
spaces 379 s5g.in 
for each s 
Area of suction valves 422sq. 
in. for one side. Stroke 40 in. 
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Fic. 3. A HorizontaL Pump oF STILL 
EARLIER DESIGN 


one-half of the inlets of the suction-valve 
deck is 422 sq.in. It will be noticed 
that the proportions are more generous 
when compared with the plunger area 
than in the case of Fig. 2, consequently 
this pump is still in good condition and is 
well called “Old Reliable.” 
JOHN Burns. 
Columbus. Ohio. 
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Furnace Arch Design 


Beiler-arch maintenance is a serious 
question, and little help is offered to 
users by the makers of boilers and stok- 
ers, who design the particular shape of 
arch used with their boilers. If trouble 
occurs, the boiler man will endeavor to 
shéft the blame to the furnace maker, 
and even the mason contractor will be 
held responsible. 

Some engineers have tried to overcome 
arch trouble by using the best grades of 
brick, but as firebrick makers are un- 
able to produce a brick that will meet 
the requirements of present-day tempera- 
tures, this does not cure the evil. Good 
workmanship helps, as a poor brick arch 
well made is equal to an arch of good 
brick poorly laid. 

Others have increased the spring of 
the arches, which helps to a degree, but 
the higher the spring the more the gases 
concentrate in the center of the boiler, 
leaving the heating surfaces near the wall 
cool, and the gases go to the stack above 
a normal temperature, causing a loss in 
efficiency and capacity. 

By ventilating an arch it is possible 
to construct it with 1 in. of rise to each 
foot of boiler width, which makes a com- 
paratively flat arch with a consequent 
more even distribution of the gases. In 
vertical types of boiler the gases enter 
the tubes at a lower elevation, utilizing 
greater heating surface and increasing the 
efficiency of the unit. A saving of 10 
per cent. in fuel is being met with in 
plants now using ventilated arches, as 
well as an increase in the life of the 


arches as high as 400 per cent. over that _ 


of the ordinary type. 

The question of how much the effi- 
ciency of the unit is impaired by venti- 
lating the arch is sometimes brought up, 
but of the hundreds of samples of gas 
analyzed in a 13,000-hp. boiler plant 
equipped with ventilated arches, no loss 
was noticed, and samples taken with the 
air inlet open have shown a higher CO. 
analysis than when the opening was tem- 
porarily closed while taking samples. 


I should be glad to see this subject 


discussed further. 
E. E. CARR. 
Cicago, Il. 


Near Accident to Boiler 


Recently we nearly had a serious ac- 
cident to one of our boilers which fur- 
nished steam to equipment for a mine. 

The boiler is 54 in. by 16 ft. and 
of the horizontal return tubular type; 
the water column was connected 4s 
shown at A, trapping the water in 
the pipe. The pipe continued through 
the boiler as illustrated. This pipe 
was originally intended for a_ feed 
line, but at this time the boilers were fed 


through the blowoff connection. The pipe 
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BB shows from whence the water was 
taken to the water column, so that should 
the top four rows of tubes be exposed 
to the fire, one could still get water when 
blowing down the column and thus feel 
at ease. A valve is in the steam line, but 
is not shown. 

At the time of the accident, water was 
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ened to the board so as to rest on the 
pipe. The wooden piece F acts as a guide 
and the babbitt end G as a weight to 
overcome the buoyancy of the wood. The 
eye-bolt H holds the plug together and 
serves as a place to attach the rope. 
This plug is let down into the tank 
with a rope and pole. The water was 


SHOWING WATER COLUMN CONNECTIONS OF TUBULAR BOILER 


being forced into the boiler, when sud- 
denly the rear tube sheet commenced to 
leak and the water disappeared from the 
glass; the fires were drawn immediately. 


_By investigating we found the rear tube - 


sheet sprung away from the beading of 
the tubes at least */« in. in places; the 
dotted line shows a somewhat exaggerated 
condition of the head at the front end. By 
actual measurement it is sprung abqut 
3g in. We have now changed the con- 
nection to that shown at the right of the 
engraving and the feed water now enters 
at F. As a result we are not having any 
trouble keeping track of the water. 
WILLIAM E, PIPER. 
Mineral Hill, Nev. 


Saving a Tank of Water 


The gate valve A, Fig. 1, on the pump 
discharge line to the water tank B had 
to be disassembled to renew some de- 
fective parts. As there was no valve in 
the line between this one and the tank 
and as the tank could not be emptied 
on account of the demand for water, the 
work of renewing the valve parts became 
a problem. 


FIG.1 Power 


TANK AND DETAILS OF PLUG 


To do the job the plug, Fig. 2, was 
made, in which C is a piece of 2-in. 
plank cut square and of sufficient area 
to cover the inverted flange D which is 
a permanent fixture in the tank. A gas- 
ket E of sheet rubber packing was fast- 


drained from the pipe and the valve re- 
paired without losing any water from 
the tank. 
J. B. Proctor. 
Crichton, Ala. 


Repairs to Worn Bearings 
and Pins 


We repair the bearings and pins on the 
steam- and exhaust-valve rods of our 
engines as follows: 

When the brass gets worn we insert a 
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PIN 


piece of brass tubing and when the pins 
have become worn we turn them down 
and slip on a piece of steel tubing. The 
illustrations show the application of the 
brass and steel tubes. The tubes used 
for the brasses are split to allow for ad- 
justment. 
W. M. STOCKWELL. 
Dansville, N. Y. 
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Conversion of Calorie to B.t.u. 


It is unfortunate that we should have 
two units in common use to express the 
unit quantity of heat, but as it is so we 
should know how they are related and 
be able to think one in terms of the other. 

The calorie is defined as that amount 
of heat which is necessary to raise one 
gram of water at a comparatively low 
temperature 1 deg. C. The British ther- 
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mal unit is that amount of heat necessary 
to raise 1 lb. of water 1 deg. F. To get 
one in terms of the other we must know 
the values of the English and metric 
systems and of the Centigrade and 
Fahrenheit thermometers. To get B.t.u. 
in terms of calories, change pounds to 
grams and Fahrenheit to Centigrade. 
1 lb. = 453.59 grams 
1 deg. F. = */, deg. C. 
Hence °*/, of 453.59 is the conversion fac- 
tor. This gives 1 B.t.u. = 252 calories. 
The number of British thermal units 
in a calorie is the reciprocal of the above 
of '/252, or 0.00397. This can be proved 
by changing directly gram to pounds and 
Centigrade degree to Fahrenheit, for 
1 gram = 0,002204 Ib. 
1 deg. C. = °*/s deg. F. 
These multiplied give 0.00397. 
A. L. HopcEs. 
Charleston, S. C. 


Receiver. for Oil Separator 


Conditions being admirable for it, I 
have worked out a scheme for saving the 
cylinder oil from the exhaust steam in 
our plant. The main exhaust line is near 
the ceiling of the engine-room basement. 
All the exhaust lines from steam-using 
machinery run into it. Near the entrance 
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PIPING OF RECEIVER FOR OIL SEPARATOR 


to the feed-water heater is an oil sep- 
arator. The distance from the outlet or 
bottom drain of the separator to the base- 
ment floor is about 5 ft. The head was 
taken out of a new oil barrel, and the 
barrel placed directly under the separator. 
A water seal was then constructed as 
illustrated, extending from the bottom of 
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the barrel up nearly to the level of the 
bottom of the separator and back nearly 
to the bottom of the barrel. 

This gives a free drainage for the con- 
densate and also condenses what steam 
would otherwise be forced into the open 
air. The pressure in the separator 


_ amounts to 1 lb. and more at times. A 


vertical check valve in the line to the 
seal guards against water being drawn 
into the exhaust lines in the heating sea- 
son when we have occasion to pull a vac- 
uum on the lines. A globe valve is insert- 
ed to provide for repairs and cleaning. 

This brings us to the plan for separat- 
ing the oil from the water. An inverted 
U-bend is passed through a hole near 
the top of the barrel with an air vent 
in its highest point to prevent siphoning. 
Thus the barrel stands full all the time 
without running over. The water is con- 
stantly draining to the sewer. The oil 
is dipped off, strained and used again 
mixed with fresh oil. 

EpwArD T. BINNs. 
Philadelphia, Penn. 


Quick Repair to Cracked 
Cutoff Valve 


Recently the cutoff valve on one of 
our automatic engines cracked at A, the 
cause being a defective casting, which 
was less than 3» in. thick on one side 
and about i% in. on the opposite side; 
it was, therefore, eccentric in appearance. 
As it was necessary to use the engine at 
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SHOWING REPAIR TO CRACKED VALVE 


once, I made the repair as illustrated in 
about an hour. The valve is giving good 
Service so far. 

A %-in. pipe was slipped through the 
%-in. hole B in the valve and the %-in. 
valve stem was inserted in the %-in. 
pipe, making an excellent fit. The %-in. 
brace rods C were put in and drawn up 
snug and the ends riveted over to pre- 
vent the nuts working off. The crack 
was then hardly visible. 

HuGH L. RUSSELL. 

Keams Canon, Ariz. 


Regulating an Overspeeded 
Engine 


On taking charge of a plant which con- 
tained one cross-compound Corliss engine 
22 and 40 by 48-in., making 79 r.p.m., I 
found it overspeeding, so I reduced the 
counterweight until the speed was back 
to the normal 79 r.p.m. The governor 
belt was smeared with engine oil, so I 
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told the assistant I would put on a new 
belt, but he informed me that the present 
belt had been on only three weeks. 

When starting the engine we had to 
help the governor give an earlier cutoff 
by pushing on the reach-rod; otherwise 
excessive racing would occur, due to the 
governor belt slipping on account of its 
oily. surface, which prevented the gov- 
ernor from gaining speed along with the 
flywheel. The governor speed lagged so 
behind that of the engine that there was 
danger of rupturing the flywheel. 

The governor belt ran directly on the 
shaft and so near the main journal as 
to get oil soaked very quickly. I put 
on a new belt with a view to changing 
and cleaning both belts alternately with 
gasoline, but on running the new belt I 
found a clearance of 1 in. between the 
belt and the shell of the main bearing, 
as shown at A. The speed had dropped 
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WIPER TO ABSORB OIL BEFORE IT REACHES 
GOVERNOR BELT 


to 76 r.p.m. on account of the slipping 
being eliminated so the counterweight had 
to be set where it was in the first place. 
I then set a wiper, which consisted of a 
floor flange B for a base, and a pipe and 
brass oil cup with a drip pipe attached 
screwed into the floor flange. A rod was 
screwed into the oil cup and a leather top 
C riveted to the flattened end of the rod. 

This wiper was set so that the tip 
would bear on the shaft just below the 
center. A guard post with a flange base 
screwed to the floor was used to pre- 
vent crowding the wiper in case the belt. 
tried to take up its old position on the 
shaft. 

JOHN Powers. 

New Bedford, Mass. 

[Unless the wiper is well cared for, oil 
will get by it and the trouble will again 
appear. A metal disk with an overall 
diameter of about 6 in. greater than the 
shaft and secured to it near the belt 
would act as a positive baffle. The disk 
should be flanged at its base on one side 
only and fastened to the shaft with the 
flanged side toward the journal.—EpiTor.] 
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Questions Before the House 


Comment, criticism, suggestions and debate upon various articles, 
letters and editorials which have appeared in previous issues 


The Steam Trap as a Boiler 
Feeder 


Relative to this subject it is surprising 
that Mr. Wickland should question the 
economy of the steam trap when com- 
pared with the ordinary direct-acting feed 
pump for delivering feedwater to boilers. 

I have repeatedly “thrashed” this ques- 
tion out with men who are good engi- 
neers, but who do not seem to grasp the 
different principles upon which the two 
machines work. Possibly a short an- 
alysis of these principles, or conditions, 
may help to a better understanding of 
the subject which is one considerably dis- 
cussed among engineers. 

Assume a battery of boilers used for 
heating purposes principally, but the con- 
ditions are such that 100-lb. gage pres- 
sure must be maintained. Thereturns from 
the heating system come back at a tem- 
perature of, say, 257 deg. F. To get this 
temperature down to, say, 205 deg. F., 
which is about the highest temperature 
at which the ordinary feed pump will 
handle it, we must lower the tempéra- 
ture 52 deg., which is equivalent to over 
5.4 per cent. of the fuel used to generate 
the steam for supplying the system, while 
the steam trap will return the water at 
the higher temperature, and the only loss 
is the small amount of steam that wastes 
through the air, or vent valve and which 
if the equipment is properly handled is 
insignificant, or less than 1 per cent. of 
the water evaporated. 

The saving of heat possible by using 
a trap is, of course, the trap’s greatest 
merit, but it also has other advantages 
which commend it. If the condensate is 
returned to the boilers by a pump it has 
to be forced in against a pressure of 
100 lb. and the steam required to generate 
the power required is lost with each 
stroke of the pump while the trap merely 
takes sufficient steam to balance the pres- 
sure and the water drops back into the 
boiler by its own weight. 
boiler by its own weight, thus making 
possible a big saving. 

Advocates of the steam pump point to 
the fact that when the trap has delivered 
its charge of water the bowl or tank 
that has held the water is filled with 
steam of boiler pressure when it re- 
turns to the filling position, and claim 
this is equal to, or even in excess of 


the amount that would be used in the: 


steam cylinder of the pump to effect the 
same results. But this is a great mistake. 


Admitting that the receiving bowl, or tank 
of the trap is filled with steam at boiler 
pressure when it lifts to the filling posi- 
tion and with the air valve open to the 
atmosphere, or condenser as the case 
may be, what really happens ? 

A little steam may escape through the 
waste pipe as the air valve opens, but 
instantly the entering water, which we as- 
sume to be but 81 deg. lower in tem- 
perature than the steam in the trap, be- 
gins to condense this steam transferring 
the heat in the steam to the water, all 
to be returned to the boiler at the next 
operation. True, there Is some loss by 
radiation from the trap, but probably 
much less than from the pump ecyl- 
inder. 

The convincing facts are obtained by 
testing for the economy of each device 
with a small independent boiler and this 
has been done repeatedly. I regret that I 
have not these data now as they are very 
interesting, but to the best of my recollec- 
tion the trap only took about */s of the 
steam to handle a given amount of water 
that was required by the pump, both de- 
vices being in good working condition. 

Mr. Wickland’s question concerning the 
efficiency being the same whether the 
temperature of the feed water is 40 or 
250 deg., I cannot answer positively, hav- 
ing no data at so low a temperature. But 
supposing the water enters the trap at 
40 deg., what takes place? Would not 
the steam that enters to equalize the 
pressure form a thin film of hot water on 
the surface of the water in the trap and 
thus act as a nonconductor to the main 
body of water underneath, thus prevent- 
ing any further condensation while the 
charge is dropping into the boiler by its 
own weight ? 

As to the question of intermittent cir- 
culation, are we not confronted by a 
theory rather than by a fact? The real 
circulation in a steam boiler is caused 
by the evaporation and not by the en- 
trance of the feed water. It would seem 
that half-minute impulses (which is 
about right for a well arranged trap 
plant) would increase rather than retard 
the circulation. This seems to be the 
case in practice. 

If Mr. Wickland will procure circulars 
from makers of return or pumping traps 
and study them carefully, he will find 
much that will interest him and will 
probably agree with the above argument. 

W. H. ODELL. 

Yonkers, N. Y. 
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Diagram from Engine Run- 
ing Backward 


In the issue of Aug. 13 appeared an 
article entitled “Engine Connected up 
Backward.” The fact that an engine so 
connected would run and develop nearly 
full power, interested me so much that 
I made a short study of the probable dia- 
gram from such an engine. In the first 
place no engine would run with the steam 
flow reversed unless a balanced valve, 
such as a piston valve, were used in its 
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would be reversed, but the valve motion 
relative to it would remain unchanged; 
hence the events would take place in a 
reverse direction, that is, admission on 
the valve-gear would become the exhaust 
period. 

Fig. 1 represents an actual indicator 
diagram with late cutoff and small com- 
pression, and Fig. 2 the diagram result- 
ing from reversed steam flow. In both 
figures OP represents the absolute vac- 
uum line, RR the atmospheric line and 
OQ the clearance line. 

With the position of the valve-gear 
remaining relatively unchanged the valve 
events would take place at the same posi- 
tion of the exhaust line no matter which 
the direction of rotation; hence the ad- 
mission line AB, Fig. 1, has the same 
length and position on the stroke line as 
does the exhaust line C’E in Fig. 2; and 
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the exhaust line CD, Fig. 1, has the same 
length and position as the admission line 
AB, Fig. 2. 

' To construct the diagram for steam flow 
reversed from the actual diagram, it is 
best to start at the end of the exhaust 
period at D. The piston moving in the 
opposite direction makes this the begin- 
ning of the admission period, or A in 
Fig. 2. Steam then flows in for the rest 
of the stroke and a little of the return 
until the valve closes at B, corresponding 
to C, Fig. 1. From B to C there is adiabatic 
compression of the steam, corresponding 
to the expansion line BC of Fig. 1. Then 
the opening of the valve gives rise to 
the sudden exhaust shown by the line 
CC’E in Fig. 2. At E the valve again 
closes, the piston moves forward to D 
and gives the expansion curve ED which 
corresponds to the compression curve DE 
of Fig. 1. The valve then opens and the 
cycle is repeated. 

It is now apparent that in Fig. 2, two 
negative loops FBCF and GEDG occur, 
which absorb work from the positive loop 
GAFC’G. In an engine having the gov- 
ernor acting on the cutoff the engine 
would operate under load when the steam 
flow is reversed because as the load in- 
creases the line CFC’ is shifted farther 
and farther to the right, corresponding 
to a later cutoff in Fig. 1, and the posi- 
tive area AFC’GA is increased ,while the 
negative area FBCF is decreased. 

It can also be seen from Fig. 2 that 
while any engine would run provided its 
cutoff could take place later than three- 
eighths stroke, the exhaust would take 
place from a pressure considerably higher 
than boiler pressure, resulting in noisy 
operation and low efficiency. 

From a practical standpoint, such a dia- 
gram as Fig. 2 is absolutely worthless, 
but the study of its evolution from the 
regular indicator diagram is at once in- 
teresting and instructive. 

JAMES BAILEY. 

Corning, N. Y. 


Over Pressure Explosions 


A boiler expert, recently lecturing be- 
fore a body of college students on “Boiler 
Explosions,” stated that the reason for 
so many explosions just before starting 
the engines in the morning or during the 
noon hour or shortly after closing down, 
was because a boiler accumulated pres- 
Sure so rapidly when steam was not be- 
ing drawn from it, that if the safety valve 
refused to work the bursting pressure 
was soon reached. 


From time to time attention has been > 


called by many writers to the fact, that 
explosions are likely to occur at the times 
mentioned, but in my opinion it is hardly 
likely that more than a small number of 
such explosions are due to overpressure. 

The lecturer supports his argument 
with figures to show how rap‘d the rise 
in pressure would be in a boiler where 


‘higher temperatures. 
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the connections for the delivery of steam 
were all cut off. Starting with the heat 
absorbed per minute by a 100-hp. boiler, 
when operating at rated capacity, and the 
amount of water contained in the boiler, 
he figured that a boiler working at 85 
lb. pressure would reach a pressure of 
485 lb. in 14 min. after the steam con- 
nections were closed. Although not 
definitely so stated, the lecturer evidently 
referred to the horizontal return-tubular 
type in his calculations, and estimated 
that 5000 lb. of water would be con- 
tained in a 100-hp. boiler. 

Using the lowest amount of heating 
surface allowed per horsepower for this 
type of boiler (10 sq.ft.) a 60-in. boiler 
with sixty-four 3%-in. tubes 16 ft. long, 
will just fill the requirements for 100-hp. 
capacity. Such a boiler filled with water 
up to 4 in. above the top tubes, would 
contain about 10,200 lb. of water. 

As the time required to raise the pres- 
sure is directly proportional to the amount 
of water contained, this figure, if used 
in place of the 5000 lb. assumed by the 
lecturer, would raise the time interval to 
over 28 min. There must also be con- 
sidered the evaporation of water to fill 
the steam space with the higher pressure 
steam which would probably bring the 
time up to 30 min., to say nothing of the 
increased losses due to radiation at the 
In explosions of 
sound boilers due to overpressure, where 
witnesses have lived to testify, they al- 
ways reported numerous leaks for a con- 
siderable time before the actual explo- 
sion, and the steam liberated by such 
means must add considerably to the time 
interval necessary to reach the bursting 
pressure. Again, calculations are based 
on the continuation of furnace conditions 
the same as at rated load, and as fire- 
men usually check their fires at noon and 
bank them at night, it would seem diffi- 
cult to estimate that boiler explosions 
from overpressure at such times were 
all due to a rapid rise in pressure on 
account of the stoppage of the flow of 
steam. 

Overpressure explosions have often 
been produced before starting up, by a 
combination of defective safety valves 
and steam gage, or where the engineer 


depended solely on the registration of a- 


defective steam gage and attempted to ad- 
just the safety valve to meet its readings. 
However, in such cases, evidence has 
shown that the fireman had been en- 
deavoring for a considerable time pre- 
vious. to the accident to obtain what he 
assumed was working pressure. 

* Most explosions at starting time have 
been the result of disturbance produced 
in the boilers by the opening of connec- 
tions to engines or other steam-using ap- 
paratus, or by the connecting together of 
the’ different boilers. In most of these 
cases the boilers have been previously 
weakened by cracks, corrosion or other 
defects. 
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I do not wish to in any way belittle the 
dangers of overpressure, but an investi- 
gation of the average explosion which 
occurs just after the boiler has ceased 
to deliver steam, will usually disclose a 
severe weakening of the structure, such 
as a lap crack or corrosion as the prime 
cause of the accident. The final sep- 
aration of the parts at such times is 
likely due to strains produced by the 
contraction of the parts caused by tem- 
perature changes in the furnace, the fire 
in which has been banked and the fire- 
doors opened to admit a blast of cool 
air and prevent the further formation of 
steam. 

J. E. TERMAN. 

Hartford, Conn. 


Referring to the comment on my Cor- 
nell lecture, Mr. Terman admits by infer- 
ence that my method of computation is 
correct, and merely states that my result 
would be different under differently as- 
sumed conditions, which, of course, is 
true. 

I did not use in my formula actual 
measurements taken from some particu- 
iar type of boiler, but assumed a hypo- 
thetical case involving 50,000 and 5000 
because with these figures the arithmeti- 
cal computation could be made mental- 
ly, and thus leave the student’s mind free 
to grasp the principle involved. The time 
required to reach the bursting pressure 
after all openings are closed would be 
14 min. under the conditions I assumed, 
and which would apply in the case of a 
boiler having very little water space in 
proportion to its rated horsepower. It 
would be 28 min. under the conditions 
assumed by Mr. Terman, and which 
would apply specifically to the horizontal 
tubular boiler from which he took his 
measurements; and, of course, it would 
be something else under still differently 
assumed conditions. But it seems to me 
that even 28 min. ought to be an appall- 
ingly short enough interval to satisfy any- 
body. 

WILLIAM H. BOEHM. 

New York City. 


Shutting Down Plant During 
Summer 


The article on the above subject in the 
Aug. 20 issue is not as good as it sounds. 
A certain government institution shuts 
down its power plant two months every 
summer and buys central-station current 
at a special rate of 2%c. per kw.-hr. 
During this time, the men are given a 
month’s vacation at full pay, and the plant 
is overhauled and put in first-class con- 
dition. For the reason that the plant is 
three times as large as necessary, except 
the boilers, the overhead charges are ex- 
cessive and the current in summer costs 
about 3'4c. per kw.-hr. But in winter 


it costs about 1c. per kw.-hr., so that 
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central-station current can be bought at 
a lower price than it can be made in sum- 
mer. But this 2¥c. is not all it costs; 
the overhead charges on the idle plant 
go on just the same, and must be added 
to the cost of central-station service. The 
wages of the employees are also con- 
stant, and must be added to the cost 
of outside current. The employees could 
be laid off without pay, but they would 
never come back, and as they are all 
good men it is to the employer’s ad- 
vantage to keep them, rather than hire 
new ones every year. This makes the 
outside current cost about 5c. per kw.-hr. 
with a consumption of about 1000-kw.-hr. 
per day. 
This would not be so bad if the service 
was Satisfactory, but it is not. When 
the isolated plant is running the volt- 
age does not vary over 2 or 3 volts, while 
the central-station current varies 10 to 
15 volts with the normal voltage at 110, 
and sometimes goes so low that the lamps 
are very dim, while at other times they 
are very much above the proper voltage, 
which makes lamp renewals more fre- 
quent. Also the unsteady curreni affects 
the operation of the elevators to some 
extent. 
The conditions met with in this plant 
are not exactly as they would be in a 
private plant, but in any plant where the 
overhead and other charges must be 
added to the cost of central-station cur- 
rent, its price per kilowatt-hour has to 
be very low to compete with the isolated 
plant, even in summer when the exhaust 
goes to waste, as about all that is saved 
is the cost of coal and oil and possibly 
a little in wages. 

J. G. HAWKINS. 
Hyattsville, Md. 


Phosphorus for Flue Gas 
Analysis 


The use of phosphorus for flue-gas 
analysis, given in the Oct. 15 issue, is 
new to me. 

As I understand it, the sticks of phos- 
phorus are placed in the absorption tube. 
Is any liquid put in the absorption tube 
with them? If not, how can one tell 
when the gas is all drawn back into the 
burette? Is there any heat generated by 
contact between the phosphorus and gas, 
i.e., enough to break the absorption tube ? 
The article says it is easy to tell when 
a new charge of phosphorus is required. 
How? Is there anything better than 
cuprous chloride for absorbing carbon 
monoxide ? 

L. A. FARRELL. 

Yonkers, N. Y. 


All the space in the absorption tube 
not occupied by the sticks of phosphorus 
must be occupied by water. There must 
be at least 100. c.c. of this free space 
to give sufficient room to introduce the 
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gas to be tested. The preferable way 
seems to be to invert the absorption tube, 
fill it with water, and introduce the phos- 
phorus sticks into it, displacing the water 
gradually. The sticks should be as long 
as possible, that is, run all the way from 
the top to the bottom of the pipette. After 
the pipette is about full, the cork is put 
in and the pipette turned right-side up, 
then, if necessary, the capillary tube and 
rubber connection are filled with water. 
The temperature rises only a few degrees 
when the oxygen in the gas and the phos- 
phorus react. The products of combus- 
tion are soluble in water, and the sticks 
will grow slowly thinner. When the re- 
action becomes too slow, as shown by the 
slow evolution of white fumes, more 
sticks of phosphorus should be put in. 

There seems to be no other absorbent 
for carbon monoxide except cuprous 
chloride. I personally prefer the acid so- 
lution as it is easier to make up, accord- 
ing to directions given in Hempel’s “Gas 
Analysis.” This is probably just a mat- 
ter of personal preference. 

DONALD M. LIDDELL. 
Elizabeth, N. J. 


Slotted Connecting-rod Wedge 
Bolts 


Regarding Mr. Cultra’s trouble with 
broken connecting-rod wedge bolts as de- 
scribed in the Sept. 3 issue, I wish to 
offer a few suggestions. If his sketch, 
Fig. 1, represents conditions of the wedge- 
bolt failure,.then he certainly went to 
much trouble in repairing it. 

Instead of losing time slotting the in- 
ner end of the broken bolt to take a 
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FIG. 2 


SHOWING WEDGES AND WEDGE-BOLTS OF 
CONNECTING-ROD 


screwdriver as shown, all he needed to 
do was to tap the wedge down into its 
lowest position, and then use a small 
pipe wrench on the protruding end of 
the bolt. In trying to slot the end of the 
bolt in such a difficult position as he 
managed to do, one would be very likely 
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to burr and rivet the end of the thread. 
This would make it still more difficult to 
screw the bolt out, in fact, it might easily” 
“freeze” before making many turns, and 
defeat the purpose of a quick repair. 
_ Mr. Cultra’s suggestion to engine 
makers to slot the ends of their wedge 
bolts is good. However, a single through 
wedge bolt is not so likely to get abused 
in “keying up” as the double ones. With 
the latter, engineers have been known 
to forget to back off one before screwing 
up the other, and thus put an excessive 
stress upon the pair. This is especially 
trve where an engineer is in the habit 
of pinching the brasses tight on the pin 
first, and then backing off for running 
clearance. A fracture is often started 
in this way that results in a broken bolt 
after a few days’ operation of the engine. 

I have frequently found broken wedge 
bolts to be caused by a poorly fitted 
wedge, as shown at A, Fig. 2. A wedge 
thus fitted is not backed up by the rod 
itself but must depend upon the bolts to 
resist: the thrust of the brasses. The 
bolts soon become crystallized and break. 
Such fitting is generally due to careless- 
ness in drilling the bolt-holes in the rod. 
The remedy is to place a liner of the 
required thickness behind the wedge. 
This will take the shearing stress off the 
bolts, which with proper care should last 
indefinitely. 

J. A. CARRUTHERS. 
Hosmer, B. C. 


Coincidental Names 


Power’s little squib in “Over the Spill- 
way” of Oct. 15 regarding my brother, 
William G. Snow, tempts me to relate 
several amusing personal experiences. 

Years ago I was sent to Albany, N. Y., 
to settle a controversy over a heating sys- 
tem. I met Mr. Winter, of the state 
architect’s office, with whom the matter 
was successfully settled without any un- 
due display of heat. Nevertheless, we 
parted very warm friends. 

A short time ago I received a letter 
naturally addressed to Walter B. Snow, 
but somewhat curiously signed by Walter 
B. Frost. It was once my experience to 
have the Frosts as near neighbors, while 
the Hales lived around the corner. Not 


_long since Mr. Winther occupied an office 


opposite mine at 170 Summer St., Boston. 
WALTER B. SNow. 
Boston, Mass. 


Submarine boat “F-1” established the 
world’s record for depth during a six- 
hour submerged cruise in San Francisco 
Bay on Sept. 5. The boat attained a 
depth of 283 ft., which corresponds to a 
pressure of 122 lb. per sq.in. on the out- 
side of the vessel. It maintained this 
depth for 10 min. at a speed of 6 knots, 
then rising to a depth of 19 ft. it pro- 
ceeded at a speed of 8 knots. 
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Inquiries General Interest 


Questions are not answered unless accompanied by the name and 


address of the inquirer. This page is for you when stuck—use it 
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Bituminous Coal 


What are the leading physical char- 
acteristics which distinguish bituminous 
from anthracite coals? 

F: J. 

The bituminous coals are softer, be- 
come more broken in handling, lose more 
weight from air slacking, contain larger 
percentages of volatile matter, burn with 
longer flame and some varieties coke. 


Brick for Ashpit Walls 


Should ashpit walls be faced with fire- 

brick ? 
Ss. L. 

Good, hard burned brick is cheaper 
and better than firebrick for lining ash- 
pit walls, as the latter frequently becomes 
moistened in wetting ashes before beiug 
drawn and firebrick rapidly crumbles if 
alternately heated and moistened. 


Prevention of Dust in Indtrect 
Heating 


How can dust be prevented from being 
carried into buildings which are heated 
by indirect blower systems ? 

T. G. 

The fresh air should be taken into a 
settling chamber and thence drawn 
through a number of screens of heavy 
cheese cloth; the screens should be 
spaced several feet apart and have from 
five to ten times the area of the supply 
ducts, so that the air may pass throveh 
the screens at low velocity. The settling 
chamber and screens should frequently 
be cleaned. 


Water Power per Foot of Falt 


What number of cubic feet of water 
flowing per second would be equivalent to 
a flow of 1,000,000 gal. in 24 hr.; and 
what would be the number of horsepower 
developed per foot of fall? 

&.. 

One million gallons of water flowing 
in 24 hr. would be equivalent to a flow 
in cubic feet per second of 

231,000,000 

1728 X 24 X 60 x 60 
of water per second; and the horsepower 
: the water or gross horsepower would 

1.547 & 62.34 lb. per cu.ft. 
550 
gross hp. per foot of fail. 


= 1.547 cu.ft. 


= 0.17534 


Making a Tight Wheel Pit 


Can ordinary portland cement concrete 
be relied upon as a water-tight construc- 
tion for keeping freshet or tide water out 
of engine-flywheel pits ? 

No, concrete wheel pits built in engine 
foundations are likely to become cracked 
from shrinkage of the material or vibra- 
tions from the engine, and may unex- 
pectedly develop leaks from an external 
pressure of water. A safer plan is to line 
the wheel pit with a water-tight cast-iron 
or steel plate pan, anchored down to the 
engine foundation. 


Steam Sizes of Anthracite Coal 


“What are the dimensions for com- 
mercial designation of different “steam 
sizes” of anthracite coal? 

5. & 

Commercial staridards for designation 
of the different sizes vary with the dif- 
ferent coal companies, each’ having its 
own designation according to standards 
adopted for different sizes of meshes for 
revolving screens used for separation of 
coal sizes, but are approximately as fol- 
lows: Pea size coal passes through %4- 
in. mesh and over %-in. mesh; buck- 
wheat through %-in. and over %%-in. 
mesh; birdseye through x-in. and over 
Y-in. mesh, rice through 3-in. and over 
mesh; culm through js;-in. mesh. 


Hydro- Electric Unit 


How many kilowatts can be generated 
by a supply of 600 gal. of water at 150 
ib. pressure used on a turbine water- 
wheel ? 

5. 

Six hundred gallons of water would 
have a volume of 600 x 231 = 138,600 
cu.in. and if supplied per minute at a 
pressure of 150 Ib. per sq.in. would de- 
velop 138,600 x 150 = 20,790,000 in.-Ib. 

= eee jt.lb of energy per min. 
Assuming that a turbine would deliver 
75 per cent. of the energy developed by 
the water and that the efficiency of the 
electric generator, considering its size, 
would be 85 per cent., then as 1 kw. is 
equal to 44,240 ft.-lb. per min., the num- 
ber of kilowatts generated would be 

20,790,000 X 0.75 X 0.85 

12 X 44,240 


or in round figures, 25 kw. 


= 24.96 


Allowance for Piston Rod 


In computing indicated horsepower of 
an engine, should not the reduction of 
piston area by the piston rod be taken 
into account ? 

J. N. 

Yes; to be accurate “‘ should always be 
taken into account, but the average size 
of piston rods for steam engines being 
only about % the diameters of their pis- 
tons, the error in computation of power 
developed on the crank side of a piston 
is only about 2.8 per cent. too much; 
or only about 1.4 per cent. too much of 
the total power developed by an engine 
for the same mean effective pressure on 
both sides of the piston. For most prac- 


_ tical purposes, the error is so small that 


it may be neglected. 


Testing Alignment of Engine 
Shaft 


What is a quick method of determining 
whether the shaft of a horizontal engine 
is about square with the center line of 
the cylinder ? 

If the engine shaft is first made level, 
a fairly accurate test can be made by 
comparing the path described by a point 
on the edge of the wheel with a strong 
fine line set in a vertical plane which is 
parallel with the center line of the cyl- 
inder, having the line pass over the en- 
gine shaft and stretched clear across the 
diameter of the wheel so as to nearly 
touch its edge. The line should be drawn 
taut and with each end made fast to a 
stationary object, should be set about 
level. It can be set in a vertical plane 
parallel with the cylinder center line 
by measuring equal distances with a 
rod or tram from plumb lines set over 
the center of the head end of the cylin- 
der and the center of the piston rod close 
to the stuffing-box; or by plumbing down 
and measuring across to a line drawn on 
the floor parallel to the center line of the 
cylinder. Then measure the distance from 
the line to the nearest point on the fly- 
wheel rim, mark the point and turning the 
wheel over about 180 deg. until the same 
point again comes opposite the line, see 
whether its distance from the line meas- 
ures the same as inthe first instance. 
Any difference in the measurements will 
show which way the shaft should be 
moved for a distance in the length of 
the shaft equal to the wheel diameter. 
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Multiplying or dividing both the nu- 
merator and denominator of a fraction 
by the same number does not alter its 
value. 

3 
This says that 12 divided by 3 equals 4. 
Now let us multiply both the 12 and the 
3 (both the numerator and the denomina- 
tor) by 7 before making the division and 
we shall see that it makes no difference 
in the final result. 
3=—4 
7 
$4 -+21=4 

If we make the number we are going 
to divide as many times as big as we 
‘make the number we are going to divide 
it by, the proportion between them will be 
unaltered and the divisor will go into the 
dividend as many times as before. 

It is equally true if we divide both the 
dividend and divisor (both the numerator 
and the denominator) by the same num- 
ber 

84 
84 + 21 
This says that 84 divided by 21 equals 4. 
Let us divide both numbers by 7 before 
making the division and we shall see that 
it makes no difference in the result. 
7) 84 7) 21 
12 + 4 


4 


In the above the result was a whole num- 
ber, but the effect so far as altering this 
final value is concerned, is the same if 
we deal with a proper fraction. Let us 
try it with */; 


Here we multiply both the 2 and the 5 by 
3 and get ;°,, but if we divided a thing 
into 15 equal parts and took 6 of them, 
we should find that we had the same 
amount as though we divided it into 5 
equal parts and took 2 of them. This is 
proved by the fact that when we divide 
the 6 and the 15 both by 3 the fraction 
comes back to */;. 

It is easier to work with small than with 
large numbers. The first thing to do 
usually is to reduce a fraction to its 
lowest terms. This is done by dividing 
its numerator and denominator by the 
same number so long as you can find a 
number that will go into both of them 
without a remainder. 

EXAMPLE: Reduce 34; to its lowest 
term. 

We know that 8 will divide 64 evenly. 
‘An instant’s inspection shows that it 
also goes into 256, so we have, dividing 
both the numerator and denominator by 8 


This, the second lesson of the 
course, deals with cancellation 
and the reduction of fractions to 
their lowest terms. As we get a 
little more mathematics to work 
with, the examples can be made 
more practical and valuable. A 

‘little patience with the prelim- 
inary work will soon enable us to 
handle interesting engineering 
calculations, but if this initial 
work is slighted that which 
comes later will be hard to un- 
derstand. 

We skall commence a series of 
elementary lectures on Combus- 
tion in connection with the 
course in an early issue. 


= as 

But 8 will go into both 8 and 32 also, so 
we can divide by 8 again. 

= a's = 4 
That 64 is % of 256 is easily proved, for 

64 x 4 = 256 

This dividing of the numerator and de- 
nominator by the same quantity is called 
cancellation and it applies just as well 
when there are several. factors in the 
numerator or denominator or both as 
where there is only one. 

By the way, a factor is a quantity by 
which you multiply or divide. 

A term is a quantity which is to be 
added or subtracted. 

EXAMPLE: 

35 X 34K 12_ 14280 _ 
48 X 21X17. 17136 

Here are two series of multiplications to 
get the fraction with the single numerator 
and denominator and then a lot of division 
to get that fraction to its lowest terms. 
But see how easily it is done this way. 


6 


We can divide both 12 and 48 by 12. So 
we cross out the 12 and write 1 over it 


_ because 12 goes into it once, and cross 


out the 48 and write 4 under it because 
12 goes into 48 four times. 

You do not need to write the 1 because 
it is a factor, and multiplying or divid- 
ing by 1 does not change the value. If, 
however, there were no other numbers 
left in the numerator you would have to 
write 1 as the numerator of the answer 
as for example, 


If there are nothing but 1’s in the de- 
nominator you can forget them. The 
answer will be a whole number as 


To go on with our cancellation: 

We can divide both 17 and 34 by 17, so 
we cross them both out and write 2 above 
the 34. But this 2 will go into the 4 
which we have just written in the de- 
nominator so we cross them both out 
and write 2 under the 4 because 2 goes 
into it twice. We can divide both 35 
and 21 by 7 so we cross them out and 
write 5 above the 35 because 35 + 7 = 
5 and 3 below the 21 because that. is 
the quotient of 21 + 7. All that is left 
above the line is a 5 and a 1. Below the 
line there are left a 2 and a 3, neither 
of which will divide 5 evenly, and no 
number that will divide 5 evenly will 
divide either of them. 

We therefore multiply all that is left 
above the line together for a new nu- 
merator, and all that is left below the line 
together for a new denominator and find, 
that the product of all the factors that 
we had equals %. 

Remember that this cancellation applies 
only to factors, i.e., to numbers by which 
you are to multiply or divide. It docs 
not apply to terms, or quantities which 
are to be added or subtracted. Let us try 
it. 

EXAMPLE: A pump delivers 77 cu.in. 
per stroke and makes 69 strokes per 
minute. In a five-hour run 6930 cu.in. 
are used for miscellaneous purposes and 
the rest goes to the boilers. How many 
gallons of water do the boilers use per 
minute ? 

The pump would deliver 
77 <x 69 x 60 x 5 cu.in. in five hours 
Of this 

77 x69 x 60 x 5 — 6930 cu.in. 
go to the boilers in five hours. Five 
hours = 5 x 60 minutes; so the num- 
ber of cubic inches per minute which go 
to the boiler are 


77 X 69 X 60 X 5 — 6930 
5 X 60 


One gallon is 231 cu.in.; so the number 
of gallons which the boilers get per min- 
ute will be 


77 X 69 X 60 X 5 — 6930 
X 60 X 231 
It would look as though we could cancel 
at once the 5’s and 60’s common to boti: 
numerator and denominator, divide the 
6930 by the 231, and have an easy job of 
it. But the 6930 in the numerator is 


| 
= 
& x & 7 

6 

5x3 15 

6+3_ 2 

2 
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aterm. It is not a multiplier but is to be 
subtracted. 
If you cancel with it there you must 
divide it by everything with which you 
divide anything else above the line. 
Working it out the long way it will be 
seen that the right answer is 


77 
69 


693 
462 


5313 
60 


231 318780 
60 5 


13869 1593900 
5 6930 


69300 ) 1586970 ( 22,% gal. per min. 
138600 
200970 
138600 
62370 
69300 °° 


If we had tried to cancel the term it 
would be (multiplying the uncanceled 
values in the numerator together) 


30 
11X69 x BOXEX 
X x 682 x B3L 


30 x 69 x 77 = 15,390 gal. per min. 
which is ridiculous. But if we make of 
the term a separate fraction, writing it 
over the same denominator as the other, 
i.e., dividing it by everything by which 
we divide the other, we shall get 


XK 23 

3 ‘ 
23 =dady 


which is right and easily and quickly 
done. Remember, then, when canceling 
to cancel only .figures with the multipli- 
cation sign in front of them, and not any 
thing with a + or — sign. If a-quan- 
tity has no sign, as when it is the first 
in a row like the 77 in the above ex- 
ample or as in the expression 

cir. = 3.1416 D, 


which means that the circumference is 
3.1416 times the diameter, and the D, 
although it has no sign, is understood t 
be a multiplier. : 

When a sum or a difference comes in 
as a factor, that is, when we are to 
multiply something by the sum or differ- 
ence of two numbers we can get rid of 
the plus or minus sign and make a multi- 
plier at once of the sum or difference 
by performing the operation indicated. 
The area of a piston is 108 sq.in. Of 
this area, 12 sq.in. is taken out by the 
rod. The pressure is 77 lb. per sq.in. 
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and the piston makes 1800 strokes of 
18 in. each in 45 min. What horsepower 
does it develop ? 

The area upon which the pressure acts 
is 

108 — 12 sq.in. 
The pressure is 77 lb. per sq.in., or 
77 (108 —. 12) Ib. 

in all. You can leave out the multiplica- 
tion sign, for 77 (108 — 12) means the 
same thing as 77.x (108 — 12), but you 
must inclose the “terms” in parentheses, 
to show that it is their difference which 
is to be multiplied 


108 — 12 = 96 
77 (108 — 12) = 77 x 96 = 7392 
But if it had been written without the 
parentheses it would be 


77 xX 108 — 12 


One is supposed to perform the opera- 
tions in the order indicated, so that this 


- expression would equal 12 less than the 


product of 77 and 108, which is 
8316 — 12 = 8304 


. quite a different thing from what was 


intended. 

Instead of the parentheses a mark over 
the quantities which are to be taken to- 
gether may be used thus 


77 X 108 — 12 
The total force then tending to produce 
motion is 

77 (108 — 12) 
This force is exerted through 18 in., or 
+8 ft. per stroke, and there are 1800 


strokes so that the number of foot-pounds 
of work developed in the 45 min. is 

77 108 — 12) 48 X 1800ft.-lb. 
To find the number of foot-pounds de- 
veloped in 1 min. we must divide this 
by 45, giving, since we may drop the 
denominator, 12 of the fraction {$ in 
the numerator below the line. 


77 (108 — 12) 18 X 1800 
33,000 K 12 XK 45 


the division by 33,000 being because 
there are that number of. foot-pounds per 
minute to a horsepower. Performing the 
subtraction in the parentheses this be- 
comes 


7 
Kx Hex Nex 
OAL x 


/60 
You could cancel further by dividing 
the 8 and 100 by 4, but 100 is easier 
to divide by in the final reduction. 
Multiplying the uncanceled figures in 
the numerator together we have 
7x8x3x 8 = 1344 
and this divided by the 100, which is the 
only figure left in the denominator, is 
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1344 
= 1325 hp. 


ANSWERS TO LAST WEFK’s QUESTIONS 
1834}. 
Divide 12 by 4. Divide the cir- 
cumference by the diameter. Divide the 
quantity indicated by a by that indicated 
by b. 

8. An integer. 

9. The numerator. 

10. The denominator. 

11. 

12. The numerator is 17x4 or 68 and 
the value is % = 22%. 


EXAMPLES FOR PRACTICE 


(1) Reduce -%; to its lowest terms. 

(2) A cubic foot contains 1728 cu.in., 
a gallon 231 cu.in. What fraction (ex- 
pressed in its lowest terms) is a gallon 
of a cubic foot? 

(3) There were fired to a boiler 2456 
Ib. of coal, of which 307 lb. were taken 
out of the ashpit as ash and refuse. What 
fraction of the coal does this represent? 

(4) The area of a piston is 64 sq.in. 
and of the rod 12 sq.in. The pressure 
in the cylinder is 40 lb. per sq.in. What 
fraction of a ton (2240 Ib.) is the pres- 
sure tending to move the piston? 

(5) What is the value of 


16 X 27 XK 6X 2 
9X 12 X 48 


(6) What fraction of a foot is 4 
inches? To make a pound of water at 
32 deg. into a pound of dry saturated 
steam at 155 Ib. absolute pressure re- 
quires 1194 B.t.u. Of these 861 are re- 
quired to evaporate the water after it 
has been raised to the boiling point. 
What fraction, expressed in its lowest 
terms, if the total heat is employed for 
the evaporation ? 

(7) The stroke of an engine is 42 
in. and the admission valve closes when 
the piston has moved one foot. At what 
fraction of its stroke is the engine cut- 
ting off? 

(8) The coal supplied to a boiler 
contains 12,000 B.t.u. per Ib. Of these, 
8000 are absorbed by the boiler, 600 are 


' lost by radiation and the rest go up the 


chimney. What fraction of the whole 
goes into the steam, what fraction is lost 
by radiation and what fraction goes up 
the stack ? 

(9) What fraction of an hour is 15 
minutes ? 

(10) A circle is divided into 360 deg. 
When a crankpin has traveled through 
120 deg., what fraction of a revolution 
has it made? 

(11) An engine is supposed to make 
72 r.p.m., but only makes 69. At what 
fraction of its rated speed is it running? 
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(12) To make a pound of steam out 
of the feed water which a boiler is get- 
ting requires 1155 heat units. Assuming 
(which is approximately true) that it 
takes a heat unit to heat a pound of 
water 1 deg., what fraction of the coal 
would be saved if the temperature of the 
water was raised 165 deg.? - 

(13) What fraction of a horsepower 
would it take to lift 275 lb. 90 ft. in a 
minute, friction neglected? (A _ horse- 
power is 33,000 ft.-lb. per min.) 


The Ashcroft Thickness Gage 


A convenient and accurate instrument 
for quickly measuring the thickness of 
sheet metal, sheet rubber, leather, paper, 
boxboard and any sheet material not ex- 
ceeding 0.110 in. in thickness is a new 
product of the Ashcroft Manufacturing 
Co., 85 Liberty St., New York City. 

As shown in the illustration the gage 
is held in the hand, and material to be 
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ASHCROFT THICKNESS GAGE 


measured is inserted in the jaws which 
are opened by pressing the push button 
with the finger. When pressure on the push 
button is released the jaws automaticaly 
close and the thickness of the material 
is indicated on the dial. 

The white-enameled dial is easy to 
read for the graduations stand out 
distinctly. The lines represent thousandths 
and the dots one-half thousandths. 
the spaces between the dots and lines 
can be easily divided with the eye, the 
gage can be accurately read to one- 
quarter thousandths of an inch. 

The gage has no sliding parts, the 
movement being mounted on steel pivots. 
Friction and wear are thus reduced to 
a minimum. It can be carried in the vest 
pocket if desired, and with proper care 
will last for years. As compared with 
the ordinary micrometer caliper, this 
gage has the advantage of being more 
easily read and the setting is automatic 
and independent of the individual’s sen- 
Sitiveness of touch. | 
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Over the Spillway 


Just Jests, Jabs, 
Joshes and Jumbles 


Aging cheese by electricity, using a 
0.2-ampere alternating current with 10,- 
000 volts, is the scheme.of a Rotterdam- 
mer (a somewhat suggestive name). As 
nothing is said of the deodorizer’s capa- 
city, we are forced to turn up our nose 
and declare the scheme “cheesy.” 

England must be enjoying “perfectly 
unexampled prosperity,” says a Britisher; 
“have to go to the workhouse for men.” 
This bally statement hardly proves the 
case, old top. My word! these beggars 
cawn’t work, else they wouldn’t be in the 
workhouse, d’ye see? It’s the same at 
’?ome as in the States: There’s men 
aplenty, but they lack skill, absolutely— 
and quite so! 


A fly found a flea in a flue. 
Says the fly: “Now what shall we do?” 
Says the flea: “Let us fly.” 
Says the fly: “Let us flee.” 
They flew through a flaw in the flue. 


The secretary of the New York En- 


~ tomological Society has courteously in- 


vited us to hear a paper on “Experiences 
in Collecting Hydrophilidz.” N. Webster 
says this “hydro” is a gentieman clavi- 
corn bug—not of hydro-electric develop- 
ment; therefore we must dodge this in- 
vitation. 


A newspaper says that a workman fell 
inte a boiling vat of pulp, and is in a 
“serious condition.” Remarkable, how 
these newspapers are showing discern- 
ment. 


Engineer lost his pocketbook contain- 
ing ten real dollars while washing out a 
boiler. Months later, while again “laun- 
dering” the said boiler, he found the $10 
—hbleached white, but the figures were 
there. No, it’s not remarkable that an 
engineer should have ten whole dollars, 
but it’s unusual to lose it that way. 


The United States Treasury allows its 
clerks $1 a week to keep their trousers 
properly creased. When someone removes 
the jinx from the cost of high living— 
which is bagging at the knees at present 
—we can afford to increase our nattiness, 
decrease our sartorial negligence, and 
keep our unmentionables in crease. 


Someone split Clutch’s “block” with a 
disk plate last week. Clutch says he 
will have to readjust himself to new con- 


ditions before he will be-able--to make - 


any more engagements. 
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Engine Speed Regulation in 
Mills 


By J. E. CRosLANDS 


Regularity of speed in mills has been 
brought into considerable prominence by 
advocates of the electric drive; hence 
the following particulars of tests, relat- 
ing to the governing of a vertical triple- 
expansion engine at a large English mili 
will be of interest. The tests were made 
with the object’ of ascertaining the regu- 
larity of speed which can be obtained 
with a three-crank engine of the most 
modern design, the engine being con- 
trelled by a center-weight type of gov- 
ernor. 

The principal results of these tests 
show that the variation in speed, in- 
clusive of momentary fluctuations, under 
normal working conditions, is about 3.4 
per cent., and with apparatus of the 
most modern type, the total variation can 
be reduced to one-half of this amouht. 
Also, in consequence of this improvement 
in regularity, a marked increase in pro- 
duction and quality is obtainable. 

The engine, which had cylinders 20, 
32 and 52 by 48 in., was designed to 
furnish about 1000 i.hp. when taking 
steam at 175 Ib. gage, but at the time 
the tests were made the load varied be- 
tween 650 and 760 i.hp. An exact rec- 
ord of the revolutions for 10-min. inter- 
vals was made for a period of about 3 
hr. each day and during the whole of 
this period records of the speed varia- 
tions were taken by a tachograph. 

The engine was also indicated at fre- 
quent intervals to ascertain the load, and 
records were made of the machinery, 
which was being driven on different days 
in order that these should be available 
for comparison. The first test was made 
with the engine running under ordinary 
conditions and with the governor supplied 
by the makers. With average conditions 
the speed varied only 1.6 per cent. and 
under the worst conditions 2% per cent. 
For the first hour of the test the steam 
pressure varied between 173 and 182 lb. 
per square inch. Later this was reduced 
to 140 lb. for a short period under which 
conditions the engine speed fell to such 
an extent that difficulties were experi- 
enced in spinning. In consequence, in- 
structions were given for the pressure 
to be brought up again to normal. 

The second test was made after the 
engine had been fitted with a new pat- 
ented governing system known as the 
“Lumb system.” This test was carried 
out, so far as possible, under the same 
conditions as in the former test, ex- 
cept that owing to the new govern- 
ing system it was found that the speed 
of the engine was not visibly affected 
by a reduction in steam pressure. There- 
fore, the reduction of pressure was car- 


tied down to 126 1b. without any com- 


plaints from the workers in the mill. 
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Table 1 gives the comparative results 
of both tests, showing that the total vari- 
ation in mean speed was equal to 1.9 
revolutions when the engine was con- 
trolled by the governor supplied by the 
makers, and that this was reduced to 
0.15 revolution when controlled by the 


TABLE 1. VARIATION _IN EAN 
SPEED OVER_10-MINUTE INT#&R- 
VALS, INCLUDING PBHRIOD WITH 


STEAM PRESSURE REDUCED. 


Maker's Lumb 
governor system 
speed, 
76.2 76.00 
in 
— speed, 
77 to 77.5 76.05 to 75.9 
va- 
riation, revo- 
0.15 
Equivalent va- 
riation, per 


Lumb system. These results are for 
the total period and include that part 
of the test in which the steam pres- 
sure was reduced. 

It is the custom in textile mills to re- 
duce the pressure immediately before 
each stopping time, to avoid an abnor- 
mal increase in pressure after the en- 
gines stop and a loss of steam at the 
safety valves. The conditions in which re- 
duced pressure is included are therefore 
in accordance with ordinary practice. 
The speed and variations, however, have 
been geparately calculated for such a 
period of the test as was carried out 
urder full steam pressure and the re- 
sults are shown in Table 2. 


IN MEAN 


TABLE 2. VARIATION 
SPEED OVER 10-MINUTE INTER- 
VALS WITH REGULAR STEAM 
PRESSURE. 
Maker's Lumb 
governor system 
Average speed, 
6.4 76.02 
Variation in 
speed, 
77 to 76.8 76.05 to 76 
va- 
riation, revo- 
lutions ...... 1.2 0.05 
Equivalent va- 
riation, per 
1.6 0.07 


The tachograph records agree with the 
revolutions shown by the counter as re- 
gards the mean speed over 10-min. in- 
tervals, but they also show the momen- 
tary variations of speed, which are con- 
stantly occurring due to the change of 
load upon the engines. These changes 
in speed are an addition to the changes 


shown by Table 2 and are of great im- 


portance on account of the suddenness 
of the fluctuations. 

The application of the new governor 
was accompanied by a narked improve- 
ment in the momentary changes of speed. 
Table 3 gives particulars of the total 
variation of speed, momentary and other- 
TABLE 3. TOTAL VARIATION OF 

SPEED, INCLUDING MOMENTARY 

VARIATIONS UNDER ORDINARY 


WORKING CONDITIONS WITH REG- 
ULAR PRESSURE 


Maker’s Lumb 
governor system 
Average speed, r.p.m. 176.4 76.02 
Equivalent varia- 
tions, in revolu- 
2.6 1.3 
Total variation in 
speed, per cent. 3.4 Hy 
Equivalent ......... 
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wise, as obtained by analysis of the 
tachograph records, which further show 
that under the Lumb system the momen- 
tary fluctuations are not only reduced in 
value, but in the length of their period. 

From these details it is apparent that 
by the adoption of the improved system, 


TABLE 4. TOTAL VARIATION IN 
SPEED, INCLUDING MOMENTARY 
VARIATIONS AND ALSO THE 
PERIOD STEAM PRESSURE 
REDUCED 


Maker’s Lumb 
governor sy) stem 
speed, 
76.2 76.00 
Va- 
riation, in 
revolutions .. 3.4 1.4 


Minimum 
speeds, r.p.m. 

Total variation 
in speed, per 
cent. 


77.9 to 74.5 76.70 to 75.30 


4.5 1.8 
the total variation in speed was reduced 
from 4.5 to 1.8 per cent. 

It may be pointed out that there is an 
absence of reliable records of speed 
fluctuations in cotton spinning-mill en- 
gines and that many of the figures quoted 
in reference to uniformity of speed are 


-far from accurate. Owing to the improve- 


ment in speed regularity, the production 
of a cotton-spinning mill can be increased 
and the quality of the yarn can be im- 
proved. With the original system of 
gcverning, the maximum speed was equal 
to 77.9 r.p.m., but the average speed was 
only equivalent to 76.2. With the im- 
proved system of governing, the engines 
could be run at 77.2 r.p.m. and the maxi- 
mum speed would not at any time ex- 
ceed that under the old conditions, name- 
ly. 77.9. This increase of speed is equiva- 
lent to a gain of no less than 42% min. 
in a 55-hr. week. 


Isolated Plant vs. Central 
Station 
By G. H. McKELway 


The items which enter into the real 
cost of the plant and decide whether it 
would be better to use central-station ser- 
vice are not only the ordinary ones of 
labor, fuel, water, lubricants, etc., but 
interest on the first cost of the plant, 
depreciation, cost of maintenance, cost of 
superintendance and the rental value of 
the room or building containing the plant. 

For these latter charges much will de- 
pend on whether the plant is already 
built or is to be built. If an electric 
plant has already been installed and paid 
for, the substitution of central-station 
service for that already supplied by the 
isolated plant will not lessen this first 
cost which has already been paid for 
directly or indirectly, and if bonds have 
been issued for constructing the plant 
the interest on them will still have to be 
paid whether the private plant is aban- 
dored or not. If the private plant is 
sold when the central station begins to 
supply power there will be some return, 
but it will not amount to anywhere near 
the first cost and probably not much 
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more than the scrap value of a worn-out 
plant. 

While there will be no depreciation if 
there is no. private plant, yet by selling 
it and obtaining only a small fraction 
of its value the depreciation loss comes 
in a lump instead of being spread over 
a number of years. Again, if the room 
eccupied by the plant cannot be utilized 
for other purposes, the plant need nof 
be charged with rent. 

Another point often adding to the paper 
cost of an isolated plant is the charging 
to it of part of the time of some man 


. or men who would be needed in some 


other capacity around the building 
whether the power was generated or 
purchased. The mere changing of a 
man’s title from fireman to engineer, or 
mechanic to switchboard operator is no 
reason for supposing that the company 
could get along without him if the power 
should be purchased from an outside 
source. 

As a rule, when a manufacturing plant 
requires steam or hot water for use in 
its work, it is very hard for an outside 
plant to show a saving over an isolated 
plant, because then the comparison is 
not merely on the basis of supplying elec- 
tric power but whether the central sta- 
tion can supply power at such a low 
rate that it will pay to purchase that 
power and at the same time operate boil- 
ers for heating. Where the central sta- 
tion can also supply steam for heating 
it may have a chance in some cases. 

It is seldom profitable to purchase 
power when the isolated plant is run by 
water. The cost of maintcnance and op- 
eration is so much less than that of a 
steam plant, unless an auxiliary steam 
plant should have to be installed, that all 
will depend upon the first cost of the 
private plant. If this has already been 
built the central station will have little 
chance, even if it as well is qperated by 
water power. 

After an isolated plant has been built, 
the fixed charges must be met anyway 
and should not be included. The com- 
parison should be between the running 
expenses of the isolated plant and the 
fixed charges and running expenses of the 
central station, to which must ve added 
some profit for the stockholders. Under 
such conditions it is not surprising that 
the private plant, in spite of usually 
greater cost per unit of capacity, smaller 
and therefore less efficient units, and rela- 
tively higher cost of fuel and wages, can 
make a better showing than its larger 
rival, which is also handicapped by hav- 
ing more or less distribution loss before 
the consumer’s plant is reached. 

When the private plant has to be built, 
the fixed charges must be included so 
that the cost will more nearly approach 
and perhaps even exceed that of the cen- 
tral station, depending, of course, on the 
cost of distribution and the ‘Profits of the 
corporation, 
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Fight to Reduce Coal Rates 


On a charge that their transportation 


rates are excessive and prejudicial, five 
of the. principal carriers of hard coal 
are defendants before the Pennsylvania 
State Railroad Commission. 

The complainants are the three most 
influential business men’s associations of 
Philadelphia, Harry E. Bellis, municipal 
railroad-rate investigator, and Prof. Ward 
W. Pierson, of the University of Penn- 
sylvania, who has been making an in- 
vestigation for Mayor Blankenburg. 

The complainants petition the commis- 
sion to issue an order recommending that 
the through rates or the proportion of 
through rates on hard coal, charged by 
the defendant companies from the Wyom- 
ing district to Philadelphia shall not ex- 
ceed $1.066 a ton, and that the rate from 
the Lehigh Valley. shall not be more than 
$0.844 per ton and from the Schuylkill 
district not more than $0.859 per ton. 


NEW PUBLICATIONS 


PRINCIPLES OF HEATING. By hag veo 

- Snow. David Williams Co., New 

ork City. Cloth; 224 6x9 

eo illustrations; 60 tables; indexed. 
Price, $2 


The book is a revised edition of one 
published in 1907 and has considerable 
acceptable data in the part devoted to 
the principles proper, as the chapters on 
combustion, boilers, transmission of heat, 
flow of steam and water in pipes, humidi- 
fying and cooling air, and pipe covering. 
The additional matter is mainly from 
papers describing different heating sys- 
teins, most of them apparently written 
to exploit these systems. To make 
them appear advantageously, their spon- 
sors have infringed some of the prin- 
ciples so carefully treated in the previous 
chapters. One is left with a sense of 
utter confusion with no idea as to the 
advantages of any one system that would 
best adapt it to any particular case. They 
are all “best.” 

Separate systems are described in de- 
tail which are essentially the same in 
action and principle except for a par- 
ticular mechanical contrivance used to 
distinguish them in the trade. If they 
had been properly classified, some of the 
advantages omitted and a few disad- 
vantages added, the book would be less 
confusing and possess more merit. The 
diagrams and description of the different 
steam systems are clear and the field 
well covered, and merit lies in having 
them all described between two covers. 

In the numerous lists of advantages, 
misleading statements occur in regard to 
the increase in steam velocities by using 
vacuum, thereby reducing the pipe sizes 
and eliminating back pressure, while 
nothing is said of the reduction in capa- 
city of the radiation due to the at- 
tendant lower temperatures, and pres- 
sures and corresponding increased vol- 
umes. The statements are all true 
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taken separately, but taken relatively to- 
gether would become impossible. If any 
considerable difference in pressure is 
created below atmosphere, the steam vol- 
umes increase very rapidly, which re- 
quires larger pipes for the same capa- 
city while the temperature of the radia- 
tion is reduced. No engineer would claim 
smaller-sized piping for atmospheric pres- 
sure than for 20-lb. gage pressure. An 
inspection of a steam table will readily 
show the absurdity of claiming smaller 
sizes for steam below atmospheric pres- 
sure. Air removal is assumed and pos- 
sible in all cases. It is true the mains 
may be reduced at any pressure by in- 
creasing the drop on the line. 

The chapter on forced hot-water heat- 
ing is extracts from papers, merely de- 
scriptive and with no illustrations or 
practical information. A paper by Prof. 
Woodbridge condemns its use for mill 
heating where power is not available and 


‘another by the same author favors its 


use for a central plant for the govern- 
ment buildings at Washington. The main 
idea being that hot water is inadvisable 
where intermittent heating is employed. 

Ancther article by A. G. Hosmer com- 
pares the heating of a large storehouse 
with 10-Ib. steam continuously and with 
60-lb. steam from 6 a.m. to 6 p.m.; to 
accomplish the same results 35 per cent. 
more steam was required in the latter 
case. It would seem that the same diffi- 
culties attend the intermittent heating of 
large plants by steam as are complained 
of where hot water is used. 

Considerable space is given to the use 
of a tank to store the water heated by 
exhaust steam during periods of peak 
load to be utilized later when the supply 
of exhaust steam is inadequate. This 
practice has been entirely abandoned and 
a few calculations will show that the 
size of tank to store available heat at 
proper temperatures for a hot-water sys- 
tem of size would be entirely imprac- 
ticable. 

In an article on central heating the 
author states that the hot-water systems 
require different amounts of surface along 
the line due to the drop in water tem- 
perature, and that with a vacuum-steam 
system all of the radiator temperatures 
will be the same regardless of the dis- 
tance from the power house. It would 
be shameful to pay for the size of main 
necessary for a plant of any size and 
extent to accomplish this object. 

In one article, A. G. Hosmer shows 
the advantage of utilizing exhaust steam 
for heating with even slight back pres- 
sure and in another doubts the practice 
of placing a heater of a hot-water sys- 
tem between the engine and condenser. 
The reviewer has actually installed sev- 
eral plants with the hot-water heater be- 
tween turbines and the condenser and 
operated the heating under partial vac- 


‘uum with results in economical opera- 
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tion on the combined heating and power 
that could be accomplished in no other 
way. 

Several of the papers were written ten 
to twelve years ago and rapid progress 
has been made since that time. It is un- 
fortunate that the author in his revision 
did not make a selection of later ma- 
terial and on this subject bring the book 
up to the present time. 

“THE UNA”- FLOW STEAM ENGINE. 
By J. Stumpf. . Van Nostrand Co., 


New York, i912, Gloth: 229 
fully illustrated. pages; 


One of the most interesting Revepeen 
developments of the last few years is the 
“Una”-Flow engine, the invention of J. 
Stumpf. Reports of its economical per- 
formance have been brought to this coun- 
try from time to time and one of our 
prominent engine-building firms has an- 
nounced that an American engine of 
this type is now ready for the market. 
Until recently only in scattered foreign 
Periodicals has it been possible for the 
American engineer to obtain particulars 
of the construction and economy of these 
engines but the rapid adoption of the type 
by European builders has convinced Mr. 
Stumpf that a book was needed on this 
subject and the present volume is the re- 
sult. 

Mr. Stumpf has here collected a series 
of pictures, drawings, details and tests 
covering the history, money, construction 
and operation of his “uni-directional 
flow” engine and its application to mill 
and ordinary service engines, rolling mill 
and hoisting work, locomotives, marine 
engines, compressors, pumps, and the 
semi-portable type known in Europe as 
the locomobile. 

He claims, and the tests presented bear 
out his contention, an economy for his 
single-cylinder construction equal or even 
better than that obtained by compound 
or triple-expansion engines of the usual 
type. The extent of their use in Europe 
is shown by the statement that in June, 
1911, 600,000 hp. were in actual —— 
tion. 

Chapters 1 to 5, about 20 per cent. 
of the book, are devoted to the general 
theory of the construction of the en- 
gine, and the influence of the condenser, 
steam jackets, the prevention of leakage 
and the loss by clearance surfaces. 

Chapter 9 treats of the influence of 
the clearance volume on the steam con- 
sumption. The remainder of the book re- 
lates to the various types in service with 
their details. 

The book will be of value not only to 
the designer and student but also to the 
engineer. 


In a 120-page book entitled “DeLaval 
Steam Turbines, Multistage Type,” the 
DeLaval Steam Turbine Co., Trenton, 
N. J., has presented more than an or- 
dinary trade catalog. Fully a third of it 
is devoted to a discussion of the “speed- 
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compromise” problem; that is, finding the 
best means of reconciling the high speed 
natural to steam turbines with the low or 
moderate speeds of driven machinery. 
The relative advantages of the several 
fundamental types of turbines, as affect- 
ing this and other matters, are discussed 
under the following chapter heads: 
The Field of the Single-stage Turbine; 
The Necessity for Multi-stage Construc- 
tion for Large Turbines; Advantages of 
Speed Reduction by Gears; Considera- 
tions Affecting Choice of Type of Tur- 
bines; Relation Between Rotative Speed 


and Number of Stages; Effects of Differ-_ 


ent Methods of Compounding; Choice 
of Type of Turbine; Benefit to the Driven 
Machine from Being Able to Obtain the 
Proper Speed; Alternator Speeds; Di- 
rect-Current Generator Speeds; Centrifu- 
gal Pump Speeds; Fan and Blower 
Speeds, and Speeds for Rope and Belt 
Drives. 

The remainder of the book is occupied 
by a detailed descripiion of the design 
and construction of the DeLaval multi- 
stage or multicellular turbine, which is 
built in capacities of 500 hp. and up, 
and of the DeLaval speed-reduction gear, 


- through which this turbine is applied to 


driving standard-speed direct-current gen- 
erators, centrifugal pumps and blowers, 
and for rope and belt drive. Novel in the 
construction of the DeLaval multicellular 
turbine is the use of solid steel rings 
shrunk over the stationary guide vanes 
of the diaphragms, entirely encircling the 
wheels. These rings provide an impene- 
trable steel armor, which will effectually 
prevent injury to surrounding objects or 
persons if the turbine should be over- 
speeded; as through lodgement of ob- 
jects under the governor valve. A final 
chapter argues that because of their lower 
first cost, steam-turbine-driven centrifu- 
gal pumps can compete successfully with 
the most efficient triple-expansion pump- 
ing engines wherever coal does not cost 
more than $6 to $8 per ton. The book 
also contains a Mollier or total heat- 
entropy chart, accompanied by a scale 
by using which may be read off directly 
the energy available from the expansion 
of steam between given limits, as heat 
units, the resulting velocity of the steam 
in feet per second, the duty in foot- 
Pounds per thousand pounds of steam, 
and the number of pounds of steam con- 
sumed per horsepower-hour. 


BOOKS RECEIVED 


THE MODERN GASOLINE AUTOMO- 
BILE, By Victor W. Page. The 
Norman W. Henley Publishing Co., 
New_York. Cloth;, 706 pages, 6x9 
in.; 500 illustrations. Price, $2.50. 


STEAM BOILERS. By W. Inchley. Long- 
mans, Green & Co., New York. Cloth; 
412 pages, 4%,x7% in.; 141 illustra- 
tions; plates: tables. Price, $2.40. 


FREEZING POINT, BOILING 
POINT AND CONDUCTIVITY METH- 
ODS. By Harry C. Jones. The Chem- 
ical Publishing Co., Easton, Penn. 
Cloth; 75 pages, 5x7% in.; illustrated. 
Price, $1. 
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SOCIETY NOTES 


A. R. Maujer, Western editor of Power, 
delivered an illustrated lecture on “West- 
ern Power Plants” before the Robert 
Fulton Association, Illinois No. 28, N. A. 
S. E., on Nov. 2. 


O. Monnett, chie? smoke inspector of 
Chicago, presented a paper, ““New Meth- 
ods of Approaching the Smoke Problem,” 
at a regular meeting of the Western So- 
ciety of Engineers on Nov. 4. The paper 
outlined the ‘policy employed by the 
smoke-inspection department and de- 
scribed the newly developed method of 
making smoke observations with the 
Ringlemann charts as outlined in POWER 
of Aug. 6. 


OBITUARY 


Vaughan Pendred, for many years 
editor of The Engineer, of London, Eng., 
died recently at his home in Streatham. 
He was born in Ireland in 1836. His 
father was a classical scholar of note and 
his mother a highly educated woman. 
From his parents and from two resident 
governesses he obtained his early educa- 
tion, and from his love of books and read- 
ing he acquired a mastery of many sub- 
jects. His parents were poor and his 
success in engineering was the result of 
pertinacity and hard study. 

Vaughan Pendred was the inventor of 
an electric arc lamp and of other de- 
vices, which, however, he never sold or 
exploited, with the exception of the Noz- 
zle boiler, invented when he was stiil a 
young man. This boiler was of the ver- 
tical type with a rectangular firebox. 
Water tubes crossed the firebox in both 
directions with slight inclination. 
Across the higher ends extended a trough, 
with partitions, directed upward; across 
the lower ends was a similar trough 
pointing downward. The troughs, or noz- 
zles, assisted circulation and good evap- 
orative results were attained. 

In 1862, Mr. Pendred first came to Eng- 
land to become an engineer. He obtained 
a position with a small firm in Covan, 
Staffordshire, which made traction en- 
gines and agricultural machinery. He 
had early begun to write letters and arti- 
cles for the technical magazines and 
shortly after coming to England he be- 
came editor of the Mechanic’s Magazine. 
In 1865 he became editor of The Engineer 
at 29 years of age. From 1865 to 1905 
he devoted his entire attention to this 
work. To him credit is given for bring- 


ing out illustrations of current practice. 


in machine design. Previous to his editor- 
ship engineering journals had depended 
upon what they could glean from patent- 
office drawings, and it was his influence 
which persuaded machinery and engine 
builders to permit the reproduction of 
their working drawings. 

Mr. Pendred was a member of the Iron 
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and Steel Institute, the Institution of Me- 
chanical Engineers, the Society of Engi- 
neers, and an honorary member of the 
Cleveland Institute of Engineers. He con- 
tributed few papers to these or other so- 
cieties; all his time and energies were 
devoted to The Engineer. 

He is survived by a widow and three 
sons, one of whom, L. St. L. Pendred, is 
now editor of The Engineer. 


PERSONAL 


P. A. Hoffman, New York, former 
sales manager of the B. F. Sturtevant - 
Co., is now with Evans, Almirall & Co., 
contracting engineers, New York City, in 
the engineering sales department. 

F. L. Johnson, formerly connected with 
the construction department of the Brook- 
lyn Edison Co., has accepted charge of 
the power plant of the Trenton & Mercer 
County Traction Corporation, Trenton, 
N. J. 

Herbert C. Goodwin, engineer of the 
power station of the Willimantic (Conn.) 
Gas & Electric Light Co., has recently 
become assistant superintendent of the 
New Britain Gas Co. He was presented 
a sum of money from the Willimantic 
company and a handsome memorial from 
his fellow employees. 

Robert Renton Hind, engineer of the 
Hawi Mill Co., Hawaii, T. H., which op- 
erates 35 miles of private railway on the , 
islands, visited Power while in New York 
recently. Mr. Hind says the islands of- 
fer good opportunities to competent op- 
erating engineers. He is a member of 
the American Society of Mechanical En- 
gineers. 

Capt. Asher Carter Baker, U. S. N. 
retired, will be the director of exhibits of 
the Panama-Pacific International Exposi- 
tion. Capt. Baker has had most unusual 
experience and important service in gen- 
eral exposition affairs, having been con- 
nected with the Chicago Exposition in 
1893, the Paris Exposition in 1900, and 
the St. Louis Exposition in 1904. He was 
vice-president of the class jury, vice- 
president of the group jury and a mem- 
ber of the superior jury at the Paris Ex- 
position. While he gave more particular 
attention to the transportation exhibits 
and still more attention to modern archi- 
tecture and development, yet he has had 
a great deal of experience in all of the 
departments of the exhibits division and 
has become an acknowledged expert in 
classification of the world’s products and 
occupations of man. 


It is said that the farmers of the United 
States have on an average $6.25 per acre 
invested in animal power, and it costs at 
least $4.38 a year per acre for mainte- 
nance. Talk about maintaining a power 
plant, gasoline engines and gas tractors 
can beat that!—The Gas Engine. 
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Moments with the Ad. Editor 


Along the lines of what we have been saying on this page, 
here’s an item from Printer’s Ink that will interest you:— 


Denver Merchants to Stop Misleading 
Advertising 


The Denver Retail Merchants’ Association has appointed a 

committee to take steps toward the passage of a state law which 

will regulate to an appreciable extent fire, bankrupt and other 

misleading advertisements which have been appearing in local 

newspapers. The new law will be made to include local ad- 
. vertisers as well as itinerant vendors. 


“But,” you ask, ‘what has 
this to do with power plants?P”’ 


The answer to that is that ad- 
vertising today is a national— 
even an international—force. 
It has no limits as to trade 
or profession. Its principles 
are the same in all lines and 
those principles stand for 


_ truth and honesty. 


If the advertiser is so small 
that he believes he can reap a 
profit from dishonest adver- 
tising, then the law is going 
to step in and stop him. 


But there are few advertisers 
these days who need Jegal 
restraint— 


And especially is this true in 
your field. 


It isn’t because it’s against 
the law in so many states 
that they don’t make untrue 
claims and statements— 


It’s primarily because they 
are good business men and 
realize that in advertising 
honesty is not only the dest 
policy, but the only possible 


policy that can win. 


And when you get business 
men on that basis you’ve got 
a protection and an assurance 
of the quality-you-want that 
is better than any other forms 
of ‘guarantees’ can possibly 


be. 


There are a lot of interesting 
ads in this issue—have you 
looked them over? 
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